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t«9«  1. 

STRENGTH  OF  REFRACTORY  METALS. 

G.  S.  Pisarenko,  V.  A.  Borisenko, 

S.  S.  Gorodetskiy,  B.  A.  Gryaznov,  ?.  {,  Dutinit,  Yu.  A.  Kashtalyan, 
V.  Y.  Krivenyuk,  Y.  N,  Fuderko,  V.  A.  Strisfaalc,  Y.  T.  Troshenko,  Ye. 
I.  Uskcv,  V.  K.  Kharchenko.  Publishing  house  "Metallurgy",  1970,  368 

FP« 


Xn  the  book  are  presented  the  proceduce  and  the  results  of  the 
experiaental  investigations  of  the  Fhysiconechanical  properties  of 
refractory  aetals  and  alloys  on  their  basis  in  the  various  forns  of 
Fatter  and  thernal  loading  in  the  range  cf  teaperatures  of  20-3000°C. 
Are  given  descriptions  cf  original  testing  units.  Are 
establish/installed  the  lavs  governing  a change  of  the 
characteristics  of  streegtb  and  plasticity  cf  refractory  aetals  in 
dependence  on  the  teaperat cre-t iae,  technological  and  other  factors. 

The  book  is  intended  for  builders,  aetallographers  and 
scientific  workers,  who  are  occupied  by  creation,  tests  and  the 
application/use  of  refractory  netals  in  different  areas  of  science 
and  technology.  Illustration  297,  table  42.  of  References  of  230 


titles. 
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INTRODUCTION 


With  the  development  cf  the  newest  branches  of  technology 
(jet/reactive  and  nuclear)  arose  the  large  necessity  for  the  alloys 
cf  the  increased  strength  fer  a work  at  high  temperatures  (higher 
than  1000°C).  The  possibilities  of  applying  the  nost  heat-resistant 
nickel  alloys  are  almost  completely  exhausted,  in  consequence  of 
which  considerably  increased  researchers*  interest  in  refractory 
metals  and  the  alloys  on  their  basis  whose  teat  resistance  is 
considerably  higher  that  in  the  best  nickel  alleys.  From  refractory 
metals  widest  use  as  heat-resistant  materials  is  found  tungsten,  the 
molybdenum,  the  niobium,  produced  by  industry  in  a sufficient 
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quantity.  Rheniua  and  tantalua,  in  spite  of  their  high  aechanical 
properties,  thus  far  cannot  be  used  extensively  as  the  basis  of 
alloys  for  aviation  and  rocket  engineering,  since  these  netals  are 
obtained  in  snail  quantities,  and  the  reconEcitred  supplies  of  their 
ores  ate  snail. 

Niobiua  and  aolybdenua,  because  of  sufficient  strength, 
plasticity  and  thernal  conductivity  at  the  tenperatures  higher  than 
1000°C,  are  distinct  stcuctural  aaterials  fcr  jet  engines  and 
rockets.  Is  studied  at  present  the  possibility  of  the  utilization  of 
nolybdenua  and  niobiun  with  1200-1 400°C,  i.e.,  as  aaterials  for  the 
blades  of  turbines,  nose  cones  of  the  aircraft  and  rockets  and  many 
ether  high-teaperature  asseablies  and  parts. 

The  increased  interest  in  niobiua  is  explained  by  the  fact  that 
together  with  satisfactory  strengtl  and  creep  strength  at  high 
teaperatures  it  possesses  gcod  plasticity^  ccaparati vely  low  specific 
gravity/weight,  high  technological  properties  during  perfecting  by 
pressure  and  cutting,  acd  also  sufficiently  good  weldability.  It  is 
ccapletely  substantial,  that  oxides  of  niobiua  are  net  volatile  at 
high  teape natures.  Hit h the  increase  of  teaperature,  the  theraal 
conductivity  of  niobiua  is  not  lowered,  as  is  observed  in  other 
netals,  but  it  grow/rises;  the  values  of  the  aodule/aodulus  of 
elasticity  up  to  1200°c  barely  are  changed. 
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Niobiua  possesses  sufficiently  high  heat  resistance  in  interval 
of  700- 1300°C. 

Page  6. 

So,  in  conditions  of  short-tine  tests  fcr  rupture  with  700°C  the 
Unit  of  the  strength  of  nicbiun  is  647  MA//a*  (65  Aj/aa>),  and  with 
1 100°C  - 225.6  MA|/n*  (23  kg/aa?)  ; stress-rupture  strength  on  base  100 
h at  900°C  is  137 (14  kg/nn*),  and  at  1000°C  - 83.4MA(/b*  (8.5 
kg/am*). 

Holybdenua  and  its  alloys  are  also  prcaisirg  structural 
aaterials  for  a work  at  high  teipe ratures,  since  they  possess  high 
heat  resistance,  good  fatigue  liait,  the  high  ncdulus  of  elasticity. 
Furtheraore,  aolybdenua  has  distinct  tteraal  and  electric 
characteristics.  Because  of  high  tteraal  conductivity  and  the  low 
specific  heat  of  aolybdenua,  the  tberaal  stresses  during  rapid 
heating  and  cooling  are  siall.  The  coefficient  cf  the  linear 
expansion  of  aolybdenua  to  50-70o/c  is  lower  than  for  the  aajority  of 
steels. 

The  aechanical  properties  of  aclybdenui  depend  aainly  on  the 
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preceding  working  by  pressure  at  tie  tenperetures  lower  than  the 
recrystallization  ones.  The  properties  cf  molybdenum  and  its  alloys 
substantially  affect  the  degree  of  strain,  the  temperature  of  working 
fay  pressure,  the  temperature  of  anneslicg,  the  surface  finish  value. 


At  1000°C  hundred-hour  stress-rupt-cre  strength  cf  alloy  (!o-0.5o/o  Ti 

btlH/w0-  . . 

is  290  !»/«?•  (30  kt'mm*),  while  at  1100°C  - 196Mtf/m2  (20  kj/mm*)  , 

i-e.,  it  prove  to  bes  itself  considerably  higher  than  for  the  best 


nickel  alloys. 


Tungsten  received  at  present  smaller  propagation  in  comparison 
with  mclybdenum  and  niofciua.  It  is  of  interest  for  researchers  as 
refractory  metal,  which  possesses  high  heat  resistance. 


In  essential  deficiency  in  the  refractory  metals  is  low  heat 
resistance  at  the  temperatures  higher  than  400-600°C.  Therefore  the 
high- temperature  utilization  of  refractory  metals  and  alloys  on  their 
basis  is  possible  only  for  a work  in  neutral  or  reducing  agent  or  for 
a very  momentary  duty  in  oxidizing  medium,  (tedium  can  completely 
consist  of  inert  gases,  for  example  of  the  helium  closed-cycle 
turbine,  connected  with  atoxic  reactor. 

This  monograph  is  the  generalization  cf  the  results  of  the 
in-flight  studies  of  different  characteristics  cf  strength  of 
refractory  metals  and  their  alloys  at  high  temperatures,  carried  out 


■1 
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by  the  large  staff  of  institute  of  problems  of  strength  of  AS  UkSSF. 

Taking  into  account  the  specific  character  of  the 
high— temperature  strength  tests  of  high-melting  aaterials  - 
teapexature  on  the  order  of  3000°C  and  cxidizafcility  - was  thoroughly 
developed  the  test  procedure  and  were  created  the  corresponding 
experiaental  aeans.  In  ccnnection  «ith  this  in  aonograph  the  large 
place  occupy  the  descriptions  cf  original  insta 3 laticns  and  test 
procedures. 

Fage  7. 

Monograph  contains  also  the  vast  information  about  different 
mechanical  characteristics  cf  high-nelting  aaterials,  the  obtained 
taking  into  account  effect  tea pera tures,  the  fora  of  the  stressed 
state,  character  and  co nditions/aode  of  the  application  of  the  load, 
tiae/teaporary  and  other  factors. 

ie  hope  that  this  fccok,  in  which,  apparently,  it  is  sufficient 
fully  and  are  thoroughly  illuainated  guest iens  cf  the  strength  tests 
of  high-aelting  materials  over  a wide  range  of  teaperatures,  it  will 
prove  to  be  useful  both  for  the  technologists  and  the  builders  and 
for  scientific  workers. 
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<In  the  writing  of  acnograph,  took  Fart  the  following  authors:  V. 
A.  Borisenko  (Chapter  4 and  p.  of  4 Chapters  5)  ; S.  S.  Gorodetskiy 
(p.  1-3,  5,  Chapter  1)  ; 1.  P.  Dubinin  and  1.  V.  Kriwenyuk  (Chapter 
6). ; Yu.  A.  Kashtalyan  (Chapter  2);  V.  B.  Rudenkc  (p.  4,  Chapter  1); 

G.  S.  Pisarenko  (Chapter  3)  ; Y.  K.  Kharchenko  (p.  3,  Chapter  1 and 
Chapter  5)  . 

Chapter  7 was  written  by  E.  A.  Gryazncv  (p.  1,  2)  , V.  A. 
Strizhalo  (p.  1,  2);  to  V . 1.  Trosbenkc  (p.  1,  3)  and  Ye.  I.  Uskov 

If*  u 2)  • 
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Chapter  I. 


EFFECT  OF  TEST  COHDITIOHS  CH  STRENGTH  CHARACTER ISTICS. 


The  intense  development  of  technology  cf  the  high-teeperature 
investigations  of  the  strength  of  refractory  metals  is  impossible 
without  the  development  of  rew  ones  and  the  per fection/ixprorsment  of 
the  existing  methods  of  tests. 

Jn  Soviet  and  foreign  literature  are  published  irany  works,  which 
contain  different  information  about  the  mechanical  properties  of 
refractory  metals  [1-7].  Seme  physicomechanical  properties  of  these 
metals  are  given  in  Tables  1 and  2. 
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mtT*c 

Fig.  1.  Temperature  effect  on  the  strength  and  plastic  properties  of 
the  tungsten:  1 - poured  (cn  ccr  data);  2 - the  sane  [162];  3 - 
cermet  [165];  4 - the  same  (on  our  data);  5 - the  same  [162]. 


Key:  (1).  **/■*  <*£/■■*). 
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Table  1.  Physical  properties  of  refractor?  aetals  [ 1 , 3,  6], 
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Key:  (1).  Groups  of  periodic  systea.  (2).  Properties.  (3).  Density, 
9/cb34  (4).  Melting  poitt,  °C.  (5).  Crystal  lattice.  (6).  BCC 
[O.ts.k.  - bodycentered  cubic].  (7).  Hexagccal.  (8).  Coefficient  of 
linear  expansion,  eOO'-*.  (9).  Temperature  of  recrystall ixation,  °C. 
(10).  Hodule/aodulus  of  elasticity,  H/i2  (k^/in2).  (11).  Hardness, 


H/s*  (kg/an2).  (12).  after  strain.  (13).  after  annealing.  (14).  Cross 
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Table  2.  Temperature  effect  on  some  physical  properties  of 
refractory  metals. 
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Re;:  (1).  Temperature,  °C.  (2).  Property.  (3).  Tungsten.  (4). 

Radiated  power,  W/cn*  (kcal/ca*«h)  . (5).  Specific  resistance,  pQ«cn. 

(6).  Thermal-expansion  coefficient.  (7).  Rate  of  evaporation, 
pg/cm*«s.  (8).  Molybdenum.  (9).  Specific  resistance,  pQ«ca.  (10). 

Thermal  conductivity,  ti/cm«deg  (kcal/a*h*deg)  . (11).  Tantalum.  (12). 

Biobina. 

| 

I 

Page  12. 

However,  to  compare  test  results  with  literature  data  is  completely 
difficult,  even  in  the  case  of  the  identical  chemical  compositions  of 
the  metals  being  investigated  and  the  technological  procedures  of 
their  production  (Pig.  1) used.  One  cf  the  reasons  for  this 
nc neon form  it;  of  the  obtained  results  should  count  a difference  in 
the  procedure  of  the  detera  inaticn  of  the  aechanical  properties  of 
high-melting  materials,  especially  during  tests  at  high  temperatures. 

Xn  this  chapter  is  examined  the  effect  cf  vacuum,  inert, 
carbon-containing  and  oxidising  median,  and  also  the  deformation 
rates  to  the  strength  characteristics  of  refractory  metals  and  on  the 
basis  of  the  obtained  results  are  fade  iecci aercation  relative  to  the 
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conditions/nodes  of  the  tests  of  refractory  aetals. 

Siailarity  conditions  of  experinents  during  the  Mechanical  tests  of 
aaterials. 

The  coaparison  of  the  aechanical  characteristics  of  the 
Materials,  Measured  witt  different  aethcds  cf  heating  and  under  test 
conditions,  are  difficult,  and  beccnes  doubtful  the  legitinacy  of  the 
utilization  of  these  experimental  cata  for  c eneializations  and  the 
establishnent  of  the  criteria  cf  strength  and  tearing  capacity  of 
parts; 

The  specific  character  of  the  aechanical  tests  of  high-aelting 
aaterials  at  high  tenperatures  is  such,  that  without  conprehensive 
taking  into  account  of  the  factors,  which  affect  the  indices  of 
aechanical  properties,  is  possible  obtaining  net  only  difficultly  the 
ccaparable,  but  also  co rtradictor y data.  Tc  ccapare  results  is 
possible  only  in  the  case  of  the  siailacity  of  the  tests  of  naterials 
with  identical  found  properties  and  with  identical  relative  errors  of 
neasureaent,  in  cqnfornity  with  the  diagraa,  given  to  Pig.  2.  Pros 
diagraa  it  is  evident  that  the  siailarity  cf  experinent  vast  include 
the  identity  of  initial  Material  and  technology  of  the  Manufacture  of 
speciaen/saaples,  their  geoaetry  and  conditions  of  leading,  and  also 
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1 

heating  conditions  taking  into  account  time/temporary  factors, 
furthermore,  it  is  necessary  for  the  evaluation  of  the  authenticity 
of  results  to  analyze  experimental  errors  taking  into  account 
instrmment,  systematic  and  computational  errors. 

Buring  mechanical  tests  is  necessary  the  observance  of  three 
forms  of  the  similarity: 

a)  geometric  (similarity  cf  form  and  size/dimensions  of 
specimen/samples)  . 

b)  mechanical  (similarity  of  the  leading  conditions). 

c)  physical  (similarity  of  ambient  conditions)  [5]. 
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Fig.  2.  Basic  factors,  which  determine  siailarity  of  experiaent 
daring  high-temperature  aechanical  tests  of  high-melting  materials 


Key:  (1).  Experimental  errors.  (2).  Conditicns  cf 
experiaent.  (3).  Physiccmechanical  properties  cf  aaterials  being 
investigated  in  initial  state.  (4).  Mechanical  siailarity.  (5). 
Physical  siailarity.  (6).  Geoaetric  siailarity.  (7).  Region  of 


elastic  deforaations.  ( e> . Method  cf  heating.  (9).  Medina.  (10) 


Structural  and  phase  tr ansf craatio |s,  surface  phenomena,  accuaulation 
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c£  flaw/defects,  etc.  (11).  Zcoe  of  plastic  deformation.  (12).  Heat 
generation.  (13).  Reaction  cf  heat-transfer  acents  with  material 
being  investigated.  (14).  Ecundary  conditions  of  heat  exchange.  (15). 
Temperature  field.  (16) . Time/temporary  conditions.  (17) . Thermal 
stresses.  (18).  Change  in  characteristics  of  mechanical  properties  of 
materials. 


Page  14. 


The  geometric  similarity  cf  the  specimen/samples  of  identical 
form  is  satisfied  by  the  condition 

7$—**.  OH; 

where  G - geonetric  characteristic. 


K - relation  of  significant  dineaaianm,  for  example: 

where  P - area. 

V - volune. 

S - n client  of  resistance. 


DOC  781  ’'001 


P *C  f 17 


I - aoaent  of  inertia. 


The  criteria  of  Mechanical  similarity  are  usually  deterained  by 
the  differential  equations  of  therioelasticity  and  are  expressed  the 
conditions  according  to  which  for  a aechanical  similarity  in 
gecaetrically  similar  sfeciaen/saaples  it  is  necessary  that  at 
congruent  points  speciaen/saaples  would  have  identical  stresses, 
identical  aechanical  and  identical  thermal  strains  [6]: 

-j^-~ldem;  — Idem;  — idem.  (1.2) 

The  consequence  of  these  conditions  oust  be  the  siailarity  of 
specific  work  of  deformaticn  cf  spcciaec/saiples. 


it  high  temperatures  tie  strength  of  refractory  metals, 
substantially  affects  the  deforaaticn  rate.  This  effect  can  be 
considered  aith  the  aid  of  following  relaticaabip/ratio  [7]: 


•a  «.r 


: idem. 


where  i(  - flow  stress  at  the  rate  of  deformation  «t; 


• 2 - flow  stress  at  the  rate  cf  deforaaticn 


The  observance  of  geometric  and  mechanical  siailarity  during  the 
utilitation  of  different  methods  of  heating  dees  not  cause 
difficulties.  To  considerably  ccaplexly  ensure  theracphysical 


4 
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similarity  (similarity  cf  temperature  fields  in  specimen/sample,  the 
similarity  of  the  processes  of  reacting  the  medium  with  the  surface 
cf  specimen/sample,  etc.). 

The  conditions  of  the  thermal  similarity  of  specimen/samples  are 
determined  by  the  differential  equations  of  heat  transfer  which 
establish  a communicaticn/ccnnecticn  between  time/temporary  and 
three-diaensional/space  changes  in  the  temperatcre  fields  of 
specimen/sample  under  the  appropriate  boundary  conditions. 

Page  15. 


For  the  high-temperature  tests  of  specimen/samples  in  vacuum, 
thermal  similarity  is  possible,  if  are  observed  the  following 
relationship/ratios,  recorded  in  the  criterial  form: 

a)  for  the  ray  heating: 

T = f(Ki,  x.  Fo).  . (1.4) 

Jt>)  for  heating  by  internal  soirees  of  heat  (contact,  induction, 
cathode- ray) : 

x,  Fo,  Po),  0-6) 

nhere  Ki=  ~ heat  exchange  criterion  of  Rirpicbewj 
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q (r)  - heat-flux  densityj 

X - coefficient  of  the  theraal  conductivity  of  aaterial^ 

At  - the  teaperature  differential  between  the  heater  and  the 
speciaen/saaplej 

x=£/l  - diaensionless  coordinate} 

X - significant  ditension  cf  speciten/satplej 

a % 

Fo=-p-  - fourier  nuaber} 
a-\/cy  - coefficiert  of  theraal  diffusivity} 

r - tiae. 

L - the  criterio  n of  FoaerantsI 
Wo 

q (x,  y)  - the  density  cf  distribution  cf  heat  sources  in 
speciaen/saaple. 


In  the  steady  conditicns/aode  of  heat  exchange  criterion  Fo 
approaches  infinity,  and  diaensionless  teapcrature  for  zero,  i.e.. 


r 
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for  the  state  of  the  thernal  equilibrium  of  system,  characteristic 
for  the  aajority  of  the  types  cf  mechanical  tests,  the  dependences  of 
fern  Ti**\{Fo)  degenerate. 

The  temperature  field  cf  the  specinen/sample,  deformed  during 
ray  heating  in  furnace,  is  virtually  stationary,  and  during  heating 
by  internal  heat  sources  - it  is  unsteady,  since  in  the  second  case 
the  initial  conditions  cf  heat  generation  and  heat  exchange  in  the 
specimen/sanple  being  deformed  are  changed.  In  this  case,  in  the 
strained  vclune  of  specimen/sanple,  is  disturbed  initial  temperature 
field  and,  consequently,  also  the  properties  of  material. 

Thus,  the  full/total/complete  similarity  of  experiment  during 
heating  of  the  specimen/sanple  being  deforitd  by  external  and 
internal  heat  sources  it  is  not  possible  tc  achieve. 

Fage  16. 


1 I 


1 

- i 


I 1 

The  degree  of  satisfaction  cf  similarity  conditions  during  the 
utiliftation  of  different  methods  of  heating  depends  on  the  properties 
cf  material,  size/dinensiens  of  specinen/sample,  conditions  of  heat 
generation  and  heat  exchange  mith  the  envirennent. 


The  disturbance/breakdcwn  of  thernal  and,  consequently,  also 


DOC  .*  78133001 


P1GE  21 


aachanical  similarity  can  substantially  change  the  characteristics  of 
plasticity  and  service  life  of  material.  Pica  eiternal  physical 
conditions  great  value  has  the  aediua.  Coaacn  media  (technical  argon, 
helium,  vacuua)  contain  in  different  concentration  the  residual  gases 
(oxygen  and  nitrogen),  which  actively  interact  with  the  surface  of 
the  aetals  being  investigated. 

The  effect  of  aediua  cn  the  aechanical  characteristics  of 
refractory  aetals  is  studied  irsuf 1 icientl y . The  criteria,  which 
characterize  the  identity  of  the  effect  of  aedia,  can  be  obtained 
froa  the  dimensional  analysis  and  v-thecrem.  Assuming  that  the 
reaction  of  aediua  and  surface  of  speciman/sample  at  temperature  T 
for  tine  v leads  to  the  fcraaticn  cf  the  delect  (contaminated  or 
purified)  layer  of  material  by  thickness  6,  identical  are  counted 
such  conditions,  under  which  relation  tc  the  area  (volume)  of 
defective  layer  to  coamcn/general/total  crcss-sectional  area 
(strained  volume)  are  egual.  As  the  determining  parameters  of 
process,  are  selected  tie  following  values:  k - the  surface 
concentration  of  gases;  •t'  - holding  time  in  medium;  D - diffusion 
coefficient;  j - specific  surface  energy;  ? - acting  load;  1 - 
characteristic  linear  dimension  of  speciaen/sample. 

Besides  the  paraaeters  indicated,  on  diffusion  processes  great 
effect  has  the  teaperature  and  ccctact  area.  Consequently,  it  is 


— 
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necessary  to  introduce  parametric  type  criteria: 

T 

a)  the  hoaologous  temperature:  ♦=-= — ; 

b)  the  factor  of  the  fere  cf  specimen/sample  - the  ratio  of 
the  perieeter  of  outline/contour  tc  the  basic  dimension  of 
specimen/sample. 

Utilizing  a dimensional  analysis  ard  »-thecrem,  find  the 
following  criteria,  which  ensure  tie  identity  cf  the  effect  of  the 
sediua: 

_ _ J*.  _ _ Dz  . fi 

*1—  p . *i — jr , • 


for  the  specimen/samples,  manufactured  according  to  identical 
technology  from  one  material,  specific  surface  energy  y must  be 


identical.  The  coefficient  of  diffusion  D fer  lew  impurity  contents 
also  wirtually  does  not  depend  cn  concentration  [8].  Therefore  y and 
D it  is  possible  to  consider  constants  for  this  temperature  of  tests 
and  similarity  conditions  tc  define  as  function  from  <r,  1,  k,  P. 


Page  17. 
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range,  at  steady  state  cf  heating  is  possible,  if  is  retained  the 

cmastancy  of  following  criteria  and  coaannicaticn/connections: 

r J y P a aT  * Oj  * WJ  Dt  ll 
r 2 • A*’  0/2  * a • p ’ ~W'  ~P 

•J 

=*  const. 


It  is  most  difficult  tc  carry  out  the  thermal  similarity  whose 
disturfcance/breakd cwn  changes  the  stressed  state  of  the  material  of 
speciaen/saaple.  Therefore  it  is  necessary  to  examine  the  thermal  and 
stressed  state  of  specimen/samples  with  the  different  methods  of 
heating,  the  physical  nature  of  the  processes,  which  take  place 
during  heating,  and  also  the  effect  of  medium  and  deformation  rate  on 
strength  during  heating. 


Effect  of  the  method  of  heating  on  the  strength  properties. 


I 


The  method  of  heating  specimen/sam pie  can  affect  the  mechanical 
properties  of  materials,  if  the  prccesses  cf  heat  generation  and  heat 
exchange  do  not  provide  adeguate  temperature  fields  in  the  strained 
volume,  is  caused  the  fcrmaticn  of  the  flaw/def ects  of  crystal 
lattice  or  damage  of  the  physical  properties  of  the  materials  being 
investigated. 
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Vbe  physical  nature  of  heating  speciaen/sa iples  by  different 
methods  substantially  is  distirguished.  During  ray  heating  the 
falliag/incident  to  the  surface  of  specimen/saaple  eaiss ion/radiation 
is  absorbed  and  energy  cf  electromagnetic  vibrations  is  transformed 
into  heat.  In  metal  are  induced  the  forced  cscillaticns  of  the  free 
electrons  which  create  the  powerful  wave  reflected;  therefore  the 
electromagnetic  waves  penetrate  inside  metal  at  insignificant  depth 
and  im  essence  are  reflected  from  its  surface.  The  higher  the 
electroconductivity  of  metal,  the  higher  its  reflectivity  [9],  For 
refractory  metals  the  basic  spectrum  of  radiant  flux  is  absorbed  by 
the  surface  layer  of  metal  C.2-0.3  pm  in  thickress  [10].  The 
propagation  of  heat  flux  is  determined  by  the  thermal  diffusivity  of 
material. 


flade  of  all  methods  of  heating  spccimec/s a mples  by  internal  heat 
sources  in  physical  nature  and  the  character  of  heat  generation  is 
most  close  to  ray  cathode-ray  heating. 


Its  application/use  is  most  expedient  durimg  the 
high-temperature  tests  cf  materials  in  vacuum. 


let  us  examine  some  specific  special  feature/peculiarities  of 
cathode-ray  heating. 


i 
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Page  18. 

The  processes,  which  appear  during  the  electron  bombardment  of 
the  surface  of  aetal,  differ  somewhat  f row  those,  that  they  accompany 
luwinous  absorption.  Electron,  unlike  photen,  has  a wavelength  of  the 
sawe  order  as  as  the  parameters  of  crystal  lattice  (2.72-2.85A)  of 
refractory  metals.  Therefore  electron  is  proved  to  be  strictly 
localized  and  creates  tie  field,  very  similar  to  the  field  of  point 
charge.  Approaching  the  electron  of  atom,  cuter  electron  is  changed 
it  into  state  with  higher  erergy. 

The  energy  loss  by  electrons  is  maximum  at  certain  distance  from 
the  surface  of  metal.  Depth  of  penetration  of  electrons  with  energy 
10-40  keV,  specific  by  formula  B.  Shenlaqda,  dees  not  exceed  4 pm  for 
the  refractory  metals  of  "large  quarter"  [10]. 

The  comparison  of  the  threshold  energy  of  atomic  displacement 
from  the  assembly  of  crystal  lattice  and  energy,  transferred  by  the 
driving/moving  electron,  shows  that  kinetic  energy  of  the  electrons, 
which  bembard  the  surface  of  refractory  metals  with  accelerating 
voltages  indicated,  must  not  cause  radiaticc  damage  of  the  type 
"vacancy-interstitial  atem"  and  it  will  be  in  essence  converted  into 


thermal  energy 
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The  physical  essence  of  contact  and  induction  heating  is 
following.  During  the  iapcsiticn  of  external  electric  field,  the 
electrons  in  the  naterial  cf  s peci len/sanp le  are  nisaligned  in  the 
direction  cf  field,  appear  the  electron  waxes  and  together  with  then 
- electric  current.  The  inperf ecticns  cf  crystal  lattice  of  technical 
wetals  and  alloys  and  the  tterwal  oscillations  cf  atcws  cause 
scattering  the  electron  waves,  the  causing  electrical  resistance,  and 
in  specimen/sanple  is  separated  tberwal  energy  according  to  the  law 
cf  Jowle-Lenz. 

The  energy  levels  cf  heat-transfer  agents  in  the  cases  in 
guestion  are  such,  that  a change  it  the  physical  properties  of 
naterial  or  the  appearance  in  it  of  radiation  flaw/defects  during  the 
conversion  of  one  forn  cf  energy  into  another,  is  highly  inprobable. 
Therefore  a change  in  the  nechanical  characteristics  of  naterials 
with  electric  heating  is  deteriined,  apparently,  not  by  the  process 
of  energy  conversion  in  the  strained  vclune,  but  by  its 
consequence-nonunif ornity  cf  tenperature  field  and  by  the  thernal 
stresses  in  the  speciner/sawple  being  deforied. 

It  is  known  that  the  flat/plane  tenperature  field  does  not  cause 
stresses,  if  it  stationary  has  beat  sources,  arrange/located  only  out 
cf  the  outline/contour  cf  region  [11]  in  guestion.  These  conditions 
are  satisfied  for  the  external  ray  heating  cf  solid  specinen/sanple 


! 
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and,  in  the  first  approximation, * for  electrcn-bcaa  heating. 

Other  methods  of  electric  heating  create  tie  teaperature  fields, 
calling  the  thermal  stresses  in  spcciaen/saaple.  The  greatest 
teaperature  differential  in  speciaen/saaple  appears  at  the  constant 
bulk  density  of  heat  release  ?<>• 

Page  19. 


Jor  a circular  speciaen/saaple  stationary  teaperature  field  are 
determined  from  the  foraula 

r(i“,a)'  0-6> 

theracelastic  stresses  - according  to  fcllcaing  formulas  [15]: 


«£ 

o.E  3 r2  — rj 

° 9 ^-r2) 

«£  2r*  — 'o 

2 (rg-r*) 


*T(r); 

A7-(r); 


■*  Am 


(17) 


where  a - coefficient  of  linear  expansion. 


p - Poisson  ratio. 


E - aodulus  of  elasticity. 
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Btilizing  an  equation  cf  heat  balance,  it  is  represented  AT (r) 
depending  on  the  temperature  of  the  surface  cf  spccinen/sanple  T0,  of 
the  parameters  of  eaiss ion/ radiation  and  properties  of  the  aaterial: 
AT(r)— ! (1.8) 

mhare  et  - eaissivity  factor  of  the  surface  of  speciaen/sauple. 

0 o ~ radiation  coefficient  of  blackbody. 

X - coefficient  of  the  tberaal  conductivity  of  Material. 

r0  - radius  of  speciae n/sa iple. 

A nazinun  tenperature  differertial  will  te  observed  on  the 
axle/axis  of  the  speciaen/eanple: 

*•  (1.9) 

Let  as  substitute  (1.8)  in  (1.7): 


(1.10) 


MU  «4 

a'  T^-V  V0  7*: 

-«*>  4. 

* 1— H 8r0  X /0’ 

•£  ^“"4  Ml'  mtt 
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Page  20. 

j 

1 

Great  in  absolute  value  value  have  tangential  ard  longitudinal 
stresses  with  r=r0 : 

According  to  forsula  (1.11),  the  theraal  stresses  with  the 
contact  electric  heating  of  speciaen/sasples  ace  proportional  to  the 
foerth  degree  of  the  teiperatnre  and,  therefore,  during  the 
utilization  of  this  nethod  nust  be  the  liaitedly  naxinua  value  of 
tenpezature.  Let  aaxiaua  peraisaible  be  the  theraal  stresses  of  value 

(I*® 

where  #0p s ~ apparent  elastic  Halt;  K<1. 

On  foraula  (1.11)  it  is  possible  tc  find  the  Baxiaua  permissible 
teaperature  of  heating  spccinen/sanple  when  g»=const: 

IM  < 0.«) 

Value  [ T0  ] can  be  raised,  if  is  establisb/installed  around 
speciaen/saaple  the  sheet  reflectors  and  tc  decreased  the  heat  of 
sink  froa  its  surface.  Ifce  increase  of  the  peraissible  teaperature  at 
the  saae  theraal  stresses  it  is  pcssible  tc  attain,  by  utilizing 
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induction  heating. 

Daring  heating  of  speciaen/sauples  by  high-frequency  currents, 
the  density  of  distribution  internal  heat  scurces  depends 
substantially  on  current  frequency  and  teaperatvre  (Fig.  3). 

Bith  the  increase  of  the  heating  teapeiatue,  the  tenperature 
differential  over  the  secticn/cut  cf  speciaen/sanple  is  increased  and 
its  niiaaa  value  can  be  calculated  according  tc  the  following 
lorn  via: 


where  A - depth  of  penetration  of  currents. 

The  given  dependences  sake  it  possible  tc  correctly  select  the 
gecnetric  diaensions  of  speciaen/sauples,  aethcd  and  the 
condi tions/aodes  of  heating  for  the  stage  cl  unifora  deforaation  or 
brittle  decoaposition  of  aaterial.  Bith  the  advent  of  aicrocracks  and 
localization  of  strain  (necking)  occurs  the  redistribution  of  the 
density  of  heat  sources  whose  values  during  contact  and  induction 
beating  sharply  are  distinguished. 

Per  contact  electric  heating  during  tests  for  elongation  of  the 


direction  cf  nornal  stresses  and  vcctcr  of  current,  they  coincide 

(fiq 
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Fig.  3.  Relative  change  in  specific  power  ir  section/cut  of  tungsten 
speciaen/saaple  during  induction  heating:  a)  f=10+  Hz;  b)  f=10*  Hz; 
c)  f«3«10*  Bx;  T»«0®C;  t^727«C;  ta»1227«C;  74=1727®C;  Ts=2527<>C. 


Fig.  4.  Orientation  of  sicrccracks  with  respect  to  vector  of  current 


jmmmm 
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during  heating:  a)  contact;  b)  induction. 

Key:  (1).  Ricrocracks. 


Fage  21. 

Ricrocracks  usually  ace  formed  in  the  [lane,  perpendicular  to 
axis  of  dilatation  [12];  at  the  apex/vertexes  cf  cracks,  occurs  the 
cofcentration  of  current  density.  These  zones  during  contact 
resistance  heating  are  superheated  and  maximum  lccal  voltages  relax. 
Resistance  to  development  cf  crack  grow/rises  and  with  a 
ccamon/general/total  increase  in  the  accumulated  flaw/defects  the 
development  of  the  crack  of  critical  diaensicn  can  begin  later,  than 
during  heating  in  furnace,  i.e.,  tie  service  life  of  specimen/saaples 
can  grow/rise.  This  is  possible,  if  the  velocity  of  propagation  of 
crack  is  low,  and  the  rate  cf  relaxation  is  great. 

During  the  inducticn  heating  cf  speciaen/saaple,  the  orientation 
cf  aicrocracks  and  the  sense  of  the  vector  cf  current  coincide  (Pig. 
4b)  . 


The  effect  of  the  superheating  of  the  apex/vertex  of  crack  will 
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be  aininua  and  in  the  case  of  plastic  aaterials  it  will  not  at  all 
influence  the  results  of  aechanical  tests.  Large  role  plays  also  the 
stressed  state  which  can  contribute  the  developaent  of  crack 
(elongation,  shift/shear)  or  its  "coring"  (ccaptession) . 

In  the  case  of  contact  electric  heating,  the  localization  of 
strain  leads  to  the  superheating  of  the  neck  cf  speciaen/saaple, 
sipce  in  this  zone  sharply  grow/rises  the  isclatable  specific  power: 


•litre  Y«  - the  specific  conductivity  cf  aatarial  at  this 
teaperature. 

«/l  - the  voltage  drop  per  unit  of  the  length  of 
speciaen/sanple. 

the  superheating  of  speciaen/sanple  in  neck  intensifies  the 
concentrated  strain,  suppresses  the  effects  cf  the  superheating  of 
the  apex/*ertexes  o f aicrccracks  and  can  considerably  change  in  the 
characteristics  of  aaterial. 

For  induction  heating  is  characteristic  the  absence  of  the 
superheating  of  specinen/sa nple  up  to  its  deccaposition.  This 
conclusion  is  instituted  on  following  ccns ider ations . The  average 
specific  power  during  inductioc  heating  is  deterained  by  the  foraula 
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where  H0  - aagnetic  field  strength  on  the  surface  of  speciaen/saaplej 


toncticn  the  graph  by  which  is  represented  in  Pig. 


x - radius  of  speciaen/saaple. 

If  is  accepted  Ba,  P*  and  A as  constants,  then  of  the 
curve/graphs  of  equation  (1.16)  will  take  the  fora,  shown  on  Fig*  6. 

Page  23. 

Function  has  a aaxinua  in  range  of  values  r/A=1.4-2.  1,  and  its  value 
descends  during  the  decrease  of  the  radius  cf  speciaen/saaple. 
Fuctheraore,  the  strain  of  speciaen/saaple,  with  the  constant 
size/diaensions  of  inductor,  leads  to  the  decrease  of  initial 
■agnetic  field  strength  H„  cn  the  surface  cf  speciaen/saaple,  in 
consequence  of  which  the  heat  release  in  the  zone  of  necking  also 
decreases,  i.e. , there  will  not  be  superheating  in  the  zone  of  the 
concentrated  strain. 


the  experiaental  wcrks  of  Grant  [ 13],  cf  harper  [ 14]  and  of 
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ether  researchers  confiia  the  absence  of  the  specific  effect  of 
induction  heating  (during  its  specific  conditic ns/nodes)  on  the 
■echanical  characteristics  cf  lateiials  in  comparison  with  ray 
heating  in  resistance  furnace. 

The  effect  of  cathcde-ray  heating  on  the  characteristics  of 
strength  and  plasticity  of  refractory  netals  was  checked  during 
installation  "Electron". 

To  testing  subjected  to  sheets  fren  tantalum  and  niobium  the 
welded  joints  of  sheets  from  the  molybdenum  alley  TsH2A. 

Figure  7 shows  the  temperature  dependence  of  strength  and 
plasticity  of  annealed  cermet  tantalum.  The  mechanical  property  of 
metal,  heated  in  vacuum  by  ray  and  cathode-ray  method,  they  are 
little  distinguished  in  the  range  cf  mean  temperatures,  lith  the 
increase  of  the  temperature  of  testing  the  value  of  the  strength 
characteristics  in  the  case  of  cathode-ray  heating,  somewhat  lover 
than  during  ray  heating,  is  retained  the  exponential  dependence  of 
the  strength  of  tantalum  cn  temperature.  The  comparison  of  the 
hardness  of  specimen/samples  before  and  after  high-temperature  tests 
in  vacuum  gave  identical  results  fer  both  c t methods  of  heating. 

Analogous  results  are  obtained  also  fer  the  temperature 


The  analysis  of  the  obtained  dependences  made  it  possible  to 
assume  that  certain  softening  during  cathode-ray  heating  causes  not 
net  strictly  the  electron  tembardment  c£  the  surface  of 
speciien/sample,  but  the  which  associates  it  degassing, 
decontamination  of  metal. 


fere  carried  out  mechanical  weld  tests  frci  the  molybdenum  alloy 
TsB2A^  which,  as  is  known,  have  considerable  cc ntamina tions  in  the 
zene  of  the  weld.  Helds  were  aade  by  argon-arc  welding,  their  surface 
was  clean,  without  undercuts  and  traces  of  oxidation.  The  results  of 
the  tests,  carried  out  during  the  ray  heating  of  speci men/samples  in 
argon  and  cathode-ray  - in  vacuum,  are  given  to  Fig.  8.  The  strength 
characteristics  in  both  cases  cf  heating  are  virtually  identical,  and 
plasticity  indices  (T>1200°C)  substantially  are  distinguished.  The 
decomposition  of  the  welds  during  ray  heatinc  cccurs  predominantly  in 
the  zone  of  the  slack  of  weld,  and  with  catkcde-ray  - in 
heat-affected  zone. 

Page  24. 


Eecause  of  this  the  plasticity  of  the  specimen/sanples,  tested  during 
raj  heating,  remains  low,  and  with  cathcde-ray  - continuously  it  is 
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increased  with  the  increase  of  temperature. 

These  results  confirm  the  assumption  atcut  the  possibility  of 
softening  as  a result  of  degassing  (decontamination)  naterial  during 
cathode-ray  heating,  which  facilitates  in  essence  an  increase  of  the 
characteristics  of  plasticity.  However,  specific  effect  on  mechanical 
properties  metals  in  vacuum  cathcde-ray  heating  (accelerating 
voltages  to  20  k?)  , apparently  does  not  exert  itself.  Therefore  it  it 
is  possible  to  use  during  tie  short-time  strength  tests  and 
plasticity,  thermal  and  low-cycle  fatigue  of  materials,  and  also 
during  the  tests  of  creep  and  stress-reptu re  strength  on  small  bases 
at  superhigh  temperatures. 

f ! 

I ; 

It  Bust  be  noted  that  at  the  insufficient  frequency  of  the 
scanning  of  electron  beau  ever  the  surface  cf  speciraen/sample  in  the 
strained  volume  of  material  are  possible  tie  thermal  pulsations,  and 
as  coaseguence,  thermal  fatigue  and  the  corresponding  reduction  in 
the  mechanical  characteristics  of  material. 


l 


sertsw  i 3 4 st  733#*  * 
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Pig.  6.  Dependence  of  function  P or  the  value  of  relation  the  radius 
cf  specimen  on  the  depth  cf  peietraticn  of  cerrent. 


Fig.  t.  Dependence  of  specific  power,  which  separates  in 

speciaen/saaple  daring  induction  heating,  cn  radius  cf 


Fig.  7.  Strength  and  plasticity  of  annealed  tantalun  depending  on 
teapexature:  1 - ray  heating;  2 - cathode-ray  beating. 


Key;  (1).MN/n*  (kg/nn*) 


DOC  * 78133001 


PI6I 


Fig.  8.  Strength  nod  plasticity  of  welded  jcints  of  alloy  TsH2  A 
depending  on  teaperature:  1 - ray  beating;  2 - cathode-ray  heating. 

Key:  ( 1)  . M/'t'n*  (kg/aa*>. 


Page  26. 

For  exaaple,  work  [15]  shows,  that  the  scanning  of  electron  bean  with 
frequency  20-60  Hz  causes  tie  surface  daaa^c  of  speciaen/saaple,  and 
the  electron  boabardaent  with  high  energy  contributes  to  formation 
and  the  notion  of  point  defects.  Ac  increase  in  the  frequency  of  the 
scanning  of  electron  bean  to  3000  Bz  aade  it  possible  to  obtain  the 
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identical  aicr ostructures  of  surface  and  aechanical  characteristics 
during  the  ray  and  cathcde-ray  heating  of  tungsten. 

The  investigations  of  aechanical  properties  with  the 
application/use  of  cathode-ray  heating  it  is  carried  out  somewhat, 
and  data  insufficient  fcr  final  conclusions;  however,  it  is  possible 
to  confirm  that  during  the  nonstationary  systeis  of  heating  to  the 
high  temperatures  in  vacuus  this  method  has  the  irrefutable 
advantages  before  other  aethods  of  heating. 

■ 

Effect  of  aediua  on  strength  indices. 


The  aechanical  properties  of  refractory  aetals  at  high 
temperatures,  as  is  known,  depend  cn  aediua,  the  tine  of  heating, 
technological  special  feature/peculiarities  of  the  production  and 
easy  other  factors  [16,  17]. 

Let  us  exaaine,  which  effect  cn  the  strength  indices  of 
refractory  aetals  exerts  the  change  in  the  properties  of  the  surface 
layers  of  speciaen/saaple,  which  depends  on  depth  of  vacuua,  and  also 
froa  the  fora  of  the  aediua:  inert,  that  carbcn-contains  and 
oxidising.  It  is  necessary  to  note  that  at  the  teaperatures  aore  than 
1200°C  role  of  such  factors  as  centering  of  speciaen/saaples  during 
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tests,  accuracy  of  the  leasurament  of  strafe,  lead  and  the 
teaperature  is  less  essential,  than  at  the  iccm  and  relatively  low 
temperatures:  200-700°C.  These  questions  are  illuminated  in 
sufficient  detail  in  specialized  literature  [5,  6,  18,  19];  we  on 
them  be  stopped  will  not  be.  Let  us  note  only  that  during  pursuance 
of  research  the  factors  indicated  calculated  in  proportion  to 
technical  capabilities  and  depending  on  objectives  of  mission. 


The  strength  properties  of  refractory  aetals  as  a result  of 
their  sensitivity  to  oxidation  usually  are  determined  in  inert  medium 
or  in  vacuum.  The  degree  of  the  decontamination  of  inert  gases,  the 
depth  of  vacuum  and  inleakage  into  vacuum  system  significantly  affect 
the  strength  and  deformation  characteristics  both  during  prolonged 
ones  and  during  short-time  tests. 

For  example,  during  testing  of  the  st ress-rupture  strength  of 
niobium  in  the  range  of  temperatures  of  60C-700°C  was  reveal/detected 
an  increase  in  the  oxygen  ccntent  in  material  from  0.04o/o  to  0.20o/o 
it  connection  with  the  fact  that  ir  the  camera/chamber  was  maintained 
the  dynamic  vacuum  (see  [61]).  The  results  of  short-time  tests  in  the 
■edium  of  inert  gases  and  in  vacuui  were  distinguished. 


Page  27 
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In  work  [20]  is  investigated  the  strength  cf  the  niobiua  of 
cathode-ray  reaelting  acd  tantalua  in  vacaui  6.65  dyn/a2  (5«10“3 
torr) ; the  duration  of  heating  speciaen/saip les  to  testing 
teaperature  was  30  ain.  The  given  in  this  werk  data  shov  that  the 
linit  of  the  strength  of  niebiua  in  the  ranee  cf  teaperatures  of 
700-1000°C  is  not  virtually  changed  and  is  sppr cxiaately  392MA^n* 

(40  kg/ma2).  However,  tie  aechanical  characteristics  of  the  niobiua 
of  cathode-ray  reaelting  are  considerably  below.  This  confira  both 
results  of  our  investigations  and  the  data  ether  authors  [21].  It  is 
obvious,  in  this  case  [20]  occurred  the  satcration  of  aetal  by 
residual  oxygen  and  nitregen  of  air,  which  here  being  contained  in 
test  chaaber. 

a 

It  should  be  noted  that  the  tests  cf  cicfciua  and  tantalua 
generally  undesirably  tc  conduct  at  a pressure  are  higher  than  1.33 
Sn/«*  (10-*  an  Hg)«  If  testing  are  subjected  tc  especially  pure 
refractory  metals,  then  £Ofetiaes',  washes"  test  chamber,  after 
filling  it  with  helium  cr  argon,  and  then  they  conduct  the  repeated 
pumping  out  of  the  vacuca  system  of  testing  unit.  A similar  operation 
contributes  to  the  decrease  of  the  effect  cf  gases  on  the  properties 
of  tested  material. 

In  work  [22]  are  generalized  the  results  cf  the  number  of 
investigations  and  the  conclusion  is  Bade  that  during  aechanical 
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tests  of  refractory  metals  in  vacuum  deter icr at  ion  in  the  material  of 
specimen/sample  is  dissolved  residual  oxygen,  contained  in  the  medium 
of  test  chamber,  and  it  strengthens  it. 

Therefore  tests  frequently  are  conducted  "gradually"  [20,  23]: 
to  708-900°C  in  the  medium  of  atgen,  at  the  higher  temperatures  - in 
vacuum  (Fig.  9)  . 

It  is  necessary  to  note  that  even  during  shert-time  tests  in 
argon  or  at  dynamic  vacuum  such  factors  as  duration  of  the 
preliminary  check  rate  cf  climb  of  the  temperature,  the  holding  tine 
iq  the  heated  state,  the  velocity  cf  testing,  significantly  is 
determined  the  depth  of  the  saturation  cf  material  by  gases  and  is 
affected  strength  characteristics.  However,  in  the  procedures  of 
short-time  high-temperature  tests  [4,  24-26]  are  recommended  the  time 
of  heating  specinen/samples  and  the  stabilizing  holding  from  several 
miputes  to  half-hour,  while  work  [25]  gives  the  properties  of  niobium 
and  mclybdenum,  obtained  during  tests  in  the  medium  cf  argon,  the 
specinen/samples  heatinc  at  a rate  of  30-50  deg /s,  and  the 
stabilizing  holding  was  10-20  s. 


1 
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fig.  9.  The  stress- rapt are  strength  of  niobium  [31]:  1 - argon;  2 - 
vacuus. 

Key:  (1).  nn/u*.  (2).  kg/mm?. 


Page  28. 

Thus,  by  comparing  the  strength  characteristics  of  refractory  metals, 
it  is  necessary  especially  to  thorcughly  araly2e  test  conditions. 


The  enumerated  above  factors  play  the  significant  role  during 
the  tests  of  refractory  setals  in  the  deformed  nonannealed  state, 
beating  to  the  temperatures  of  recrystallizaticn,  i.e. , to  800-1000°C 


» 
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(for  tungsten  to  1400°C),  with  holding  20-3C  sin,  as  a rale,  it  leads 
to  reaoval/taking  of  peening  and  stabilizaticn  cf  properties  (to 
decrease  of  the  scatter  of  the  values  of  experiment) . In  the 
tempecature  range  of  recrystallizaticn,  mechanical  properties 
strongly  depend  on  the  time  of  the  determination  of  material  in  the 
heated  state. 

For  the  f ull/total/ccmplete  recrystallization  of  tantalum  after 
cold  strain  with  reduction  40o/o  at  temperature  cf  1350°C,  is 
necessary  the  holding  14  min,  and  at  14C0°C  sufficient  3.5  min  [ 1 ]. 

i 

ninute  holding  at  the  temperatures,  which  considerably  exceed 
the  temperatures  of  recrystallization,  lead  to  intense  grain-growth. 

. 

An  increase  in  the  duration  of  the  holding  cf  material  at  these 
temperatures,  for  example,  to  5 min  or  to  10-15  min  causes  the  small 
additional  softening  of  material. 

From  foregoing  it  fellows  that  the  effect  cf  inert  medium, 
degree  of  dynamic  vacua*  is  developed  net  crly  with  prolonged  ones, 
but  also  during  short-time  high-temperature  tests.  Conseguently , it 
is  necessary  critically  to  te  related  to  the  results,  obtained  during 
the  tests  during  which  tie  delay  time  arbitrarily  was  changed  within 
relatively  wide  limits,  which  sometimes  is  required  for  solving  the 
special  problems. 
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The  test  work  the  nor k-hardened  refractory  aetals  at  the 
temperatures  of  recrystallization  and  several  higher  with  different 
holding  speciaen/samples  in  the  heated  state,  as  a rule,  it  leads  to 
the  essential  scatter  of  experimental  data,  and  also  inpedes  the 
CGiparison  of  the  obtained  results. 

Effect  of  inert  aediun  and  vacuum. 


The  effect  of  inert  aediui  and  vacuum  cn  the  mechanical 
properties  of  refractory  aetals  under  the  short-time  effect  of  load 
was  studied  for  niobium,  molybdenum  and  tungsten.  From  these  metals, 
as  is  known,  most  actively  it  interacts  with  medium  the  niobium,  for 
which  were  carried  out  most  thorough  investigations. 

The  rods  of  cermet  niobium  subjected  tc  to  twofold  cathode-ray 
reaelting  in  the  institute  of  the  electric  welding  ia.  E.  0.  Paton. 

Page  29. 

Ingot  70  mm  in  diameter  and  150  am  in  long  contained  0.002o/o  02  and 
0.004o/o  lf2;  it  were  rolled  in  the  cold  to  sheets  7 and  1 am  in 
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thickness.  The  degree  of  strain  for  the  sheets  with  a thickness  of  1 
■■  composed  -95o/o. 


For  a comparison  tie  strength  indices  kere  determined  for  cermet 
molybdenum  in  the  form  cf  sleets  and  rods,  and  also  for  the  poured 
tungsten  of  vacuum-arc  Belting.  The  metals  indicated  contained  on  the 
average  from  0.02  to  O.G3o/c  02  and  N2  (the  chemical  composition  was 
given  in  table  3) . 

As  inert  medium  was  utilized  technical  argcn,  which  contained 
-0.005o/o  02  and  *»0.05  |2,  without  drying  and  special 
decontamination. 


i 


Determining  mechanical  characteristics  was  conducted  during 
installation  VT0-2V,  corsisting  cf  testiqg  lachine  szF-1,  working 
chamber,  the  system  of  vacuuming  with  pumps  VH-2HG  and  H1-S2,  heating 
system  (in  the  packets  cf  which  enter  fcuncters  ROT-25/0. 5 transformer 
CS0-40  and  heater  with  the  system  cf  shields) , and  also  tools  for 
measuring  cf  temperature,  strain  and  for  tie  control  of  the  work  of 
the  installation  (in  detail  installation  7T0-2V  is  described  in 
Chapter  V) - Argon  was  scpplied  to  the  test  chanter,  pre-evacuated  to 
1^33  M/m2  (10~2  mm  Hg)  through  the  special  four-way  vacuum  tap/crane. 
On  the  achievement  of  atmospheric  pressure  argon  the  tap/crane  was 
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caaera/chaaber  was  charced  by  argon  to  overpressure  0.49-0.98  bar 
C.5-1.  0 AiN/a2  (0.5-1  Hrt-if-  and  they  began  beating  of  speciaen/saaples. 

sn 

Tests  in  vacuum  were  conducted  at  pressure  1.33  -d-ftr/a2  (10  4 mm 
Hg),  inleakage  into  systea  was  approximately  0.1  pl/s. 

Flat/plane  speciaec/saaples  were  cut  frca  sheet  along  direction 
cf  rolling,  circular  speciaen/saaples  obtained  by  the  aachining  of 
the  aolding/bars  (fora  cf  speciaen/saaples  kas  shown  on  Fig.  10).  The 
velocity  of  the  loading  of  speciaen/saaples  on  the  average  was  1-2 
■■/■in. 

Ihen  conducting  of  specific  tests,  was  utilized  the  ray  heating 
cf  speciaen/saaples,  since  it  is  acst  widely  ccaaon  in  the  practice 
cf  aeOhanical  tests.  The  average  speed  cf  stepped  heating  was  20-40 
dag/ain,  continuous  (rapid)  heating  - to  2CC  deg/min  and  more. 


Fig.  10.  Speciaan/saaple  fox  aechatical  testa. 
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The  chealcal  ccaposition  cf  the  investigated  refractory 
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Tables  3 continued. 

[graphic  reads  left  to  right] 
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Key:  (1).  Designation  of  material.  (2).  Impurity  content,  o/o 
(throughout  mass).  (3).  Tungsten  cast  (vacmua-arc  Belting)  . (4). 
Tungsten  ceriet  (forged).  (f).  Tungsten  cast  (alloyed).  (6). 
Molybdenum  cast.  (7).  Niobium  cermet.  (8).  lo.  (9).  Niobium  cast 
(vacumm-arc  Belting).  (10).  Niobium  cast  (elect ion-beam  Belting). 

(11).  Tantalus  cast  (electron- tean  melting).  (12).  Tantalua  (cast), 
(vacuaa-arc  Belting).  (13).  Basis.  (14).  Tungsten  cast  (vacuum-arc 
aeltiag) . (15).  Tungsten  cermet  (forged).  (16).  Tungsten  cast 

(alloyed).  (17).  Molybdenum  cast.  (18).  Nidiua  (cermet.  (19). 

Niobias  cast  (vacuua-arc  Belting).  (20).  Nictium  cast  (electron-beam 
melting).  (21).  Tantalun  cast  (electron-be an  Belting).  (22).  Tantalua 
(cast,  (vacuua-arc  Belting)  . 

Page  34. 

Temperature  measured  with  thermocouples  cf  the  type  KhA  and  PP 
whose  joints  are  tightly  ccrtacted  with  the  surface  cf 
speciaen/saaple  in  its  middle  part,  for  a deck  mas  utilized  the 
optical  pyrometer. 

The  gradient  of  the  temperature  in  the  cross  section  of  circular 
specimen/samples  during  heating  with  different  rates  determined  with 
the  aid  of  the  calibration  specimen/saaple , which  had  internal  hole 
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2.5  ■■  in  diameter  for  the  input/introduct  icn  of  additional 
thermocouple. 

The  velocity  of  the  achievement  of  the  assigned/prescribed 
temperature  during  stepped  heating  proved  tc  be  very  low;  for 
example,  for  the  heating  cf  specimen/sairple  tc  1200°C,  it  was 
required  by  30  min.  This  conditions/mode  of  heating  it  is  reasonable 
to  apply  only  during  relatively  lew-temperature  tests  to  the 
temperatures  of  recrystallixation. 

The  conditions/mode  cf  rapid  heating  makes  it  possible  to  obtain 
the  assigned/prescribed  temperature  of  specinen/sample  in  vacuum 
after  4-5  min  at  the  average  speed  of  heating  100-200  deg/min.  (It 
must  be  noted  that  the  rapid  temperature  rise  in  vacuum  without,  the 
preliminary  training  of  test  chamber  leads  to  pressure  increase  in 
it.  The  effect  of  medium  cn  the  heating  time  to  the 
assigned/prescribed  temperatures  illustrates  fig.  11.  Corrected 
values  of  the  temperature,  measured  by  the  internal  thermocouple  of 
calibration  specimen/sample) . 

The  preliminary  heating  of  furnace  space  and  specimen/sample 
during  10-15  min  with  2C0-3C0°C  led  to  the  decrease  of  the 
oscillation/vibrations  cf  temperature  on  werking  section,  temperature 
balance  over  the  cross  secticn  cf  speciaen/eample,  and  also  to 


Figures  12  shows  the  teaperature  distribution  over  the  cross  section 
of  circular  calibration  spccimen/sample  during  rapid  temperature  rise 
with  the  preliainary  heating  of  furnace  space  and  without  it. 

During  heating  of  laairated  s pecimen/samples  0.5-1. 0 mn  in 
thickness  a difference  in  the  temperatures  ever  section/cut  can  be 
disregarded  and  counted  that  the  temperature  of  specimen/sample  is 
identical  in  all  its  points  and  is  egual  tc  the  temperature  of 
surface.  Measurements  showed  that  in  this  case  it  is  possible  to  heat 
specimen/sample  to  testing  temperature  after  2-3  min  [at  pressure 
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1,33  sn/n*  (10"*  ■■  Hg)  ], 

For  conducting  short-tine  static  tests  for  elongation,  is 
proposed  the  following  ccnditic ns/ node  of  heating: 

1)  the  slow  increase  of  teaperature  during  10-15  nin  to 
200- 300°C; 

2)  rapid  temperature  rise  to  the  assicned/prescribed  values  in 
vacuua  during  2-5  ain  (in  inert  nediua  not  aore  than  1-3  nin)  ; 

3)  holding  at  the  assi gned/prescri ted  teaperature  of  3-5  nin  in 
vacuua. 

During  the  tests  of  the  flat/plane  and  circular  speciaen/saaples 
of  niobiua  of  cathode-ray  revelting,  aade  hcldirg  before  the  loading: 
3,  10,  20,  30  and  60  air  with  800,  1000  and  with  1100°C,  at 
prerecrystallization  teaperature,  and  also  at  the  temperatures  of 
beginning  and  end  of  the  recrystallization. 

I change  of  the  licit  of  strength  and  elongation  per  unit  length 
of  laainated  niobiua  in  dependence  on  delay  tine  before  loading 
daring  tests  in  argon  is  represented  in  Fig.  13;  in  vacuua  - in  Table 

«.  In  table  and  on*  graphs  are  given  arithmetic  mean  values  of  results 
not  llaas  than  five  testa  (for  holding  30  and  CO  nin  - three  tests) . 


5? 


Fig.  -J2.  The  effect  of  the  preliminary  heating  cf  electric  furnace 
(10  min)  on  the  teaperature  distribution  oui  the  section/cut  of 
circular  calibration  spcciaen/saaple  during  tests  in  racuui  1.33  s njm* 
(1»10-«  an  Hg):  1,  2 - without  beating;  3,  4 - with  heating  during  10 
■ia;  5 - theraocouple  on  the  surface  of  spcciaen/saaple;  6 - 
thermocouple  within  speciaen/saaple. 

Key:  (1).  ain. 

Fage  36. 


( 

Tests  in  argon  showed  that  the  liait  cf  strength  with  800°C 

soaewhat  falls  with  an  increase  in  the  duration  of  holding,  that, 
apparently,  it  is  possible  to  explain  by  partial  relieving  of 
stresses,  caused  by  preceding  cold  working  cf  aaterial.  At  1000°C 
increase  in  the  holding  to  30  ain  led  to  the  increase  of  ultiaate 
strength  fron  138  HN/a*  (14  kg/aa?)  to  177  EN/a*  (18  kg/aa^) . 
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fig.  13.  The  dependence  of  the  Unit  of  strength  and  elongation  per 
unit  length  of  laminated  niobiun  on  the  duration  of  the  holding  of 
specinen/sanples  in  the  heated  state  daring  tests  in  argon:  1 - 
800°C;  2 - 1000°C;  3 - 1100®C. 

Kef:  ,|1).  BH/n2  (kg/nn*).  (2).  sin. 
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fable  4.  Effect  of  holding  before  loading  on  the  results  of  the 
high-teaperature  tests  cf  niobiua  in  vacuua  [ p»  1. 33  sn/a*  (1*1 0— • ■■ 
Hg)  the  is leakage  of  0.1-0. 2 jil/s]. 


*.  Bod  3 ■■  in  diaieter. 

Key:  (1).  Temperature,  °C.  (2).  Holding,  ain.  (3).  HN/a*  (kg/am2). 

lage  37. 

it  the  sane  tiae  during  tests  in  vacuua,  as  can  be  seen  fron 
Table  4,  ultiaate  strength  with  an  increase  in  the  delay  tiae  to  20 
ain  was  decreased  to  98.1MK/az  (10  kg/aaz). 

The  increase  of  the  liiit  of  strength  with  indicated  1000°C  of 
the  evidently,  caused  by  the  saturation  surface  layers  of 
speciaen/saaple  by  residual  gases,  which  arc  ccctained  in  argon,  is 
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is  known,  oxygen  and  nitrogen  even  with  content  of  0. 005-0. 007o/o 
fora  the  brittle  phases  cf  iaplene ntation  cc  boundaries  of  the  grains 
of  ECC  aetal  and  thereby  they  chance  its  acchanical  properties. 
Figures  4 shows  the  dependence  of  the  liait  of  the  strength  of 
niobiua  from  the  teaperature  at  different  oxygen  concentrations  [27]; 
an  increase  in  oxygen  ccncentr atic c frea  0.001  to  0.02o/o  leads  to 
considerable  increase  in  strength  at  500®C. 

The  saturation  by  residual  gases  of  the  surface  layers  of 
ticfciua  during  testing  in  argon  was  judged  by  a change  of  the 
aicrohardness  in  different  points  cf  the  cross  section  of 
speciaen/saaples  after  testing.  The  results  of  aeasureaents  are 
represented  in  Fig.  15  and  16.  The  original  value  of  aicrohardness 
was  1350  Hn/a*  (135  kg/aa2)  . The  acst  intense  saturation  of  material 
occurred  with  1000  and  1100°Cflndtc  holding  20  ain  in  argon.  The  depth 
cf  saturation  with  1000°C  varied  frea  0.1  an  after  holding  3 ain  to 
1.0  aa  after  30  ain.  The  vcluae  of  the  aaterial,  saturated  by  gases, 
after  holding  20  ain  at  1000°C  ccaposed  ~50c/o  of  entire  volume  of 
the  working  section  of  flat/plane  speciaen/saaple,  and  after  3 min  - 
cnly  10-  15o/o. 


L 
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Fig.  It.  The  dependence  of  the  Unit  of  the  strength  of  niobiun  from 


the  temperature  at  different  oxygen  concentiaticns  [27]:  Kh.  R 


Key:  (1).  HH/n2  (kg/mm2) 
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Fig.  .15.  Change  is  aicrchaxdinss  in  cross  section  of  speciaen/saaples 
of  niobian  after  testing  in  argcn  at  different  temperatures  with 
holding  before  loading  20  ain. 

Key:  (1).  HV,  iN/a2  (kg/aa2). 

Fig.  16.  Change  in  aicrchar dness  of  nictiui  in  depth  of  cross  section 
after  testing  in  argon  lith  1000°C  with  dif  fere  nt'' holding  before 
loading. 

Key:  /{I).  HI,  »»/«2  (kg/aa2) . 

Page  39. 
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testing  with  1000°C  showed  (Pig.  17)  that  in  the  central  zone  of 


speciaen/sample  begins  the  recryst allizaticn,  whereas  on  surface  it 
is  braked  due  to  saturation  by  residual  gases. 


One  should  note  (see  Fig.  13) that  the  duration  of  holding  with 


1 1 00°C  exerts  on  the  characteristics  of  strength  and  plasticity  of 


lawinated  niobiun  the  swaller  effect  than  at  10C0°C  that,  apparently 


it  is  caused  by  the  lore  intense  saturation  of  Material  by  residual 


at  1 100°C  gases 


effect  of  oxygen,  nitrogen  and  other  gases  cn  the  strength  of  niobiun 


represented  in  Fig.  18.  The  values  of  ultimate  strength  in  the  range 


cf  the  temperatures  fro*  6CC  tc  11C0°C  at  the  duration  of  holding  to 


3 win  are  identical  during  tests  in  vacuum  and  argon 


The  results  of  the  test  of  niebium  in  fere  vacuum  6.65  W/n* 


78133002 


Pig.  17.  Nicrostmctere  c £ riobiua  (xlOO)  after  testing  in  argon:  a) 


1000°C  30  rain 


Thus  during  the  high-teaperature  tests  of  niobiun  (or  tantalum) 


in  argon  with  short-time  holding  (1-3  lin)  tefcre  loading  the 


saturation  of  the  surface  of  specicen/saaples  ty  residual  gases  does 


affect  test  results.  An  increase  in 


the  duration  of  holding  acre  than  5 nin  cortritutes  to  the 


change  in  its  mechanical  picpectie 
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The  effect  of  the  delay  tiae  cf  speciaen/saaples  in  the  heated 
state  on  their  aechanical  properties  during  testing  in  argon  and 
vacuua  was  studied  also  for  the  aolybdenua,  ottained  by  the  aethod  of 
powder  netallurgy. 

The  results,  presented  in  Pig.  19,  attest  to  the  fact  that  with 
800  and  1100°C  values  of  ultiaate  strength  Lately  depend  on  delay 
tiae.  This  is  explained  by  the  fact  that  the  aclybdenua,  unlike 
niobiun,  is  not  virtually  saturated  by  gases.  Or  the  surface  of 
speciaen/saaples,  is  foraed  the  fine/thin  cxidc  fila  which  is  cracked 
in  the  process  of  deforiaticn.  Cracks  cn  the  working  section  of 
speciaen/saaple  are  well  ncticeable  after  testing  with  1100°C. 

After  testing  in  argon  with  1C00°C  with  holding  froa  10  to  60 
■in,  they  observed  a snail  increase  in  the  licrchardness  on  the 
surface  of  laainated  aolybdenua  speciaen/saaples  -2950  MN/a2  (300 
kg/aa*)  [hardness  in  the  aiddle  of  speciaen/saaple  was  egual  to 
initial,  i.e.,  2500  *N/a*  (254  kg/aa2)  ]. 


Fage  41 
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Changes  in  the  aicrchardness  cf  the  s pecinen/sanples  of 
nolybdenua  in  the  depth  of  cross  secticn  after  testing  in  vacuun  did 
net  observe  (Pig.  20)  . 

the  decrease  of  the  liiit  of  the  strength  cf  nolybdenun  with 
IOOQ°c  with  an  increase  in  the  delay  tine  tc  10  tin  (see  Fig.  19), 
apparently  caused  by  the  develcpnert  of  recrystallization. 

Holybdenun  testings  in  vacuun  1.33  sn/n*  (10-*  an  Hg)  , carried 
cut  in  circular  specinen/sanples  3 na  in  dianeter,  they  showed,  that 
an  increase  in  the  delay  tine  before  leading  leads  to  the  decrease  of 
the  values  of  ultiaate  strength  and  the  increase  of  plasticity  (Table 
51- 


9 era  of  fracture  of  s peciaen/saaples  also  depends  on  the  holding 
tine.  (In  the  process  of  tests  specinen/sanples  photegraphed  with  the 
aid  of  special  photographic  attachment).  Daring  the  defornation  of 
nclybdenun  after  holding  5 ain  at  1Q50°C  on  the  surface  of 
specinen/sanple  in  the  zone  of  neck,  observed  snail  snail  cracks; 
fracture  was  fibrous. 


-3T. 
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Pig.  20.  i change  in  the  aicrohard cess  iq  the  depth  of  the  cross 
section  of  the  speciaen/saaples  of  aclybdefua  after  the  testing:  1 


in  argon  with  t=1000°C;  2 - in  vacua*  1.33  sn/a*  (10'4  ■■  Hg)  with 


t-1100°C 


Table  5.  Effect  of  the  duration  of  holding  cn  the  Mechanical 


properties  of  ceraet  aolybdenun  during  tests  in  vacuun  (p-10“*  tor 


Key:  (1).  Delay  tiae#  ain  before  leading  aith  1450°C.  (2).  HR/a2 


<kg/aa«) 
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Fig.  21.  Pcra  of  fracture  cf  speciten/saaples  cf  aolybdenum  after 
testing  in  argon: 
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Pig.  22.  Bicrostrocture  of  the  specimen/sa>p les  of  tungsten  (x200) 
after  testing  in  vacuum  with  1500°C  with  holding  before  the  loading 
a).  5 min;  fc)  20  min. 

Table  6.  Effect  of  the  duration  cf  bolding  cn  tie  mechanical 
properties  of  the  poured  forged  turgster  dtring  tests  in  vacuum 
[p=1.33  sn/m2  (1*10~*  ■■  Hg)  ]. 


Tewneptrypi^ 

NcnuTama, 

•c 

7*5 

Bultpacxa. 

MUM 

Oy  ", 

MHlrn'inriMM*) 

«.  « 

1500 

5 

314  (32) 

10 

20 

246  (25) 

11 

1700 

5 * 

114  (11,6) 

40 

20 

10B  (11,0) 

42 

Key:  (1).  Testing  temperature,  by  °C.  (2).  Holding,  min.  (3).  HN/m 2 
(kg/mm2)  . 


DOC  * 78133002 


PAGE 


Eage  <14. 

The  results,  presented  in  Table  6,  she*  that  an  increase  in  the 
delay  tine  fren  5 to  20  ain  at  testing  temperature  by  1500°C  leads  to 
a redaction  in  the  liait  of  the  strength  of  the  poured  tungsten.  This 
is  caused  by  the  development  of  recrystallizaticn  (Pig.  22).  At  the 
higher  temperatures  of  the  duration  of  holding,  does  not  exert  so 
noticeable  an  effect  on  the  strength  of  tungsten. 

Effect  of  the  carbon-containing  aediua. 

When  conducting  of  aechanical  tests,  fairly  often  are  utilized 
carbon-graphite  aaterials  as  the  heating  eleients  of  high-teaperature 
furnaces.  This  leads  to  the  fact  that  at  high  teaperatures  appears 
the  carbon-containing  aediui  and  occurs  the  diffusion  saturation  of 
the  surface  of  tested  aetal  by  carbon,  and  alsc  the  fornation  of 
carbide  filas. 

In  the  literature  there  are  data  [4,  21,  23]  on  the  reaction  of 
refractory  aetals  with  carbcn,  and  also  on  the  effect  of  carbon  on 
the  properties  of  the  refractory  aetals,  heated  in  furnaces  with 
graphitic  cell/eleaents  [2  1,  26]. 


■ 
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According  to  these  data,  the  intense  saturation  of  refractory 
■etals  by  carbon  begins  froa  1400°c,  in  this  case,  are  foraed 
fine/thin  carbide  filas,  in  essence  cn  tou near y/interf aces  to  grain 
boundaries.  Further  increase  cf  teaperature  to  /700-2000°C  causes  the 
intensification  of  diffusion  processes,  which  leads  to  the 
considerable  carbidizinc  of  the  surface  of  aaterial.  It  was  also 
shown,  that  the  oxygen  content  in  the  refractory  aetal,  heated  in 
vacuua  furnace  with  graphitic  cell/eleaents,  noticeably  is  decreased, 
beginning  froa  1300°C.  The  phencaeccn  indicated  is  explained  by  the 
course  of  the  reducing  reaction  of  feraatien  of  carbcn  nonoxide  in 
the  course  by  which  oxygen  is  eliainated  free  aetal. 

Rordayk  [23]  considers  that  as  a result  cf  the  diffusion  of 
vapors  of  carbon  froa  graphitic  heater  in  tested  aaterial  is  foraed 
the  eatectic  the  aelting  point  of  which  is  considerably  lower  than 
for  a base  aetal.  Therefore  the  teaperature  range  of  tests  in 
furnaces  with  graphitic  cell/eleae rts  is  liaited,  aaxiaun  temperature 
for  tungsten  equal  to  2C00°C,  for  aolykdenua  - 1700°C,  for  niobiua  - 
it  is  still  below.  The  saturation  cf  aetal  by  carbon  occurs  at  lower 
teaperatures;  however,  it  is  assumed  [23],  that  the  occurring  with 
this  carbidizing  insignificantly  affects  strength. 
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Jn  the  work  of  Marier  [26]  is  wade  the  ccnclusicn  about  the 
possibility  of  applying  the  graphitic  beaters  in  vacuum  furnaces  for 
the  aelting  of  refractory  letals. 

fora,  the  literature  data  on  the  effect  cf  heating  in  furnaces 
with  graphitic  cell/eleaent s tc  the  high-teiperature  mechanical 
properties  of  high-welting  materials  bear  ccntr adictor y character. 

Fage  45. 

For  explaining  the  degree  of  this  effect  in  the  institute  of  the 
problems  of  the  strength  of  AS  UkSSR,  were  carried  out  the  mechanical 
tests  of  refractory  metals  during  heating  in  fcrnaces  with  graphitic 
and  tungsten  cell/eleaects. 

Chemical  composition  of  the  investigated  materials  is  given  in 
Table  7. 


Hardness  HV  was  measured  at  reem  temperature,  after  holding  10 
■if  at  the  assigned/prescri ted  temperature. 

The  strength  characteristics  and  the  plasticity  of  materials 
were  determined  during  installation  with  the  ray  heating  of 
speciaen/sample. 
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■ere  utilized  tungsten  and  graphitic  heaters  with  the  volume  of 
the  furnace  space  V-=30  ci3,  heating  was  realize/accomplished  in 
the  medium  of  technical  argcn  (O.OC60/0  N2 , C.0C3o/o  o2,  <0.01o/o 
C02)  and  in  vacuuu  3.99  mN/i2  (3*10'5  id  Hg). 

The  character  of  a change  cf  the  hardness  cf  the  surface  of  the 
s pecimen/samples  of  molybdenum  and  tantalui  as  a result  of  reacting 
of  material  and  gaseous  medium,  depending  cn  the  heating  temperature, 
they  illustrate  Pig.  23  and  24. 

The  analysis  of  the  results  of  measurements  showed  that 
temperature  dependence  BV=f  (T)  for  commercially  pure  molybdenum  is 
virtually  identical  for  short-time  heating  in  pure  argon  and  in 
vacuum. 

I 

I 

I 

j 
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Table  7.  The  chemical  ccmfositicn  cf  the  materials,  used  during  the 


analysis  of  the  effect  cf  tfee  car be n-ccnta ining  medium  on  strength. 


(*J  CoiepxMne  mcwchto*.  % 

Mrnpuu  • 

Al 

Ft 

SI 

M* 

Mn 

HhoGhB  . .i"3/ . . 
Tamaa  . .(*(;.  . 
MoaH6aen  . (C/.  . 
Bo,ib<{>paw  . M.J  . 
CiuiaB  IIM2A  {?J. 

~0,003 

1.0 

0,01 

>0,1 

0,01 

0,01 

0,3 

0,005 

0,05 

0,03 

0,05 

0,002 

0,001 

0,003 

0,001 

0,001 

0,001 

0,001 

G 

(SD  Coiep*»HHe  MCMeHTOB,  % 

MuepiUJ 

T» 

ti 

Nb 

Sn 

Ct 

c 

Hho6mh  . . . 
TaHTaji  . 

MoaH6aeH  . . Bjl 
Bojb^pa*  •;  > M 

Ciuaa  ,UM2A  O'. 

V ^ 1 

>0,03 

Oct. 

0,07 

>0.1 

Oct. 

0,05 

0,001 

0,001 

0,01 

0,001 

0,001 

0,014 

0,016 

0,006 

0,016 

0,017 

Key:  (1).  Material.  (2).  Content  of  cell/elcsents,  o/o.  (3).  Niobium. 
(4).  Tantalum.  (5).  Holybder.ua.  (6).  Tungsten.  (7).  Alloy  TsH2 A. 

Page  46. 

Tantalum  absorbs  oxygen  and  nitrogen,  which  are  contained  in 
technical  argon,  and  because  of  this  its  hardness  grow/rises  (see 
Pig.  24).  Temperature  dependence  of  adsorption  cf  oxygen  by  tantalum 
is  subordinated  to  parabclic  law,  beginning  from  480°C  [22], 
adsorptions  of  nitrogen  - from  800°C  [27],  moreover  rate  constant 
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continuously  is  increased  with  increase  of  temperature.  The  decrease 
of  the  adsorption  of  nitrogen  bccowes  noticeable,  beginning  from 
1500°C. 

Carbon  fron  graphitic  heater  binds  residual  oxygen,  which  is 
found  in  argon,  creates  reducing  acent,  satciates  the  surface  of 
speciwen/sanple.  The  strengthered/hardened  acticn/ef feet  of  carbon  is 
proved  to  be  greater  than  nitrogen  and  cxycen.  Analogous  data  are 
interlocked  in  [22]. 

Vhe  effect  of  carburization  was  checked  daring  the  tests  of 
specinen/saaples  by  unidirectional  tersion  in  the  nedium  of  argon. 

Ihe  results  of  determining  the  tewperature  dependence  of  strength  and 
plasticity  of  molybdenum  are  given  to  Pig.  25,  tantalum  - to  Fig.  26. 

The  characteristics  of  high-temperature  strength  of  molybdenum 
in  the  cases  of  the  graphitic  and  aetallic  heater  (see  Fig.  25) 
almost  coincide;  however,  the  characteristics  of  plasticity  prove  to 
be  themselves  considerably  above  during  heating  of  speciwen/sanple  in 
the  carbon-containing  mediui.  This  tendency  were  visually  is 
developed  in  the  temperature  dependence  of  the  mechanical  properties 
of  tantalum  (see  Fig.  26). 
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Fig.  23.  A change  of  the  hardness  cf  aclybdcnui  after  10  ain  of 
heating  in  different  aedia:  1 - graphitic  heater:  2 - technical 
argon;  3 - vacuus  1.33  «H/b8  (1*10"s  aa  flg) . 


Key:  (1).  HV,  HN/»2  (kg/aa2). 


Fig.  24.  Change  of  hardness  of  tantalua  after  1C  ain  of  heating  in 
different  nedia  (designation  - see  Fig.  23)  . 


Key:  (1).  HV,  t*N/a2  (kg/aa2) 
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Fig.  25.  Dependence  of  strength  and  plasticity  cf  laminated 
molybdenum  on  teaperature:  1 - aetallic  heater;  2 - graphitic  heater 


Key;  (1).  HH/a*  (kg/an*) 


Fig.  26.  Dependence  of  strength  and  plasticity  cf  laainated  tantalum 
cn  temperature  (designaticn  - see  Fig.  25).. 


Key;  (1).  HV/mz  (kg/mu*) 
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The  effect  of  the  increase  of  plasticity  can  be  explained  by  the 
tonding  of  oxygen,  dissolved  in  the  surface  layers  of  netal,  during 
reaction  with  carbon.  Tie  thickness  of  the  restcred/reduced  layer 
during  short-tine  tests  is  insignificant,  and  therefore  on  the 
strength  characteristics  reducing  agent  has  saaller  effect. 


A sharp  increase  of  the  plasticity  of  xclytdenun  and  tantalun 
T 

■hen  -=.• — ^0,4  that  observed  in  the  presented  curve/graphs,  usually 
bind  with  the  recrystalli2ation,  during  which  is  renove/taken 
technological  strengtheiing  of  cold-rolled  aaterial.  Analogous 
effects  were  reveal/detected  during  the  investigation  of  the 
teaperature  dependence  cf  the  vechanical  properties  of  other 
refractory  aetals. 

The  laninar  spectral  analysis  of  the  speciien/saaples,  tested  in 
graphitic  heater  with  1600°C,  showed  that  the  surface  layers  of 
■aterial  (not  deeper  than  50  pa)  contain  carton  5-8  tines  nore  than 
center. 


The  netallographic  analysis  of  the  annealed  niobiun  also 
testifies  to  the  diffusion  penetration  cf  carbon  into  the  surface 
layers  cf  specinen/sanple  (Fig.  27). 
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The  results  of  deteriining  the  characteristics  of  strength  aud 
plasticity  of  the  laainated  tungsten,  tested  in  Metallic  and 
graphitic  heaters  in  the  iediu«  of  argon,  are  represented  in  Fig.  28 
and  29.  For  tungsten  is  confined  previously  discovered  effect  of  the 
increase  of  plasticity  and  decrease  of  the  strength  of  refractory 
aetals  during  the  utili2aticn  cf  graphitic  beater  [28]. 

Frca  given  data  it  fellows  that  the  intense  saturation  of 
refractory  aetals  by  carbon  occurs  at  1600-1800°C.  Carburizing  begins 
at  the  teaperatures  higher  than  12CQ-13G0°C.  Ihe  utilization  of 
graphitic  cell/eleaents  leads  to  a change  in  aechanical 
characteristics  of  refractory  letals  even  during  short-tine  tests; 
these  heaters  one  ought  net  to  apply  at  tevperatures  higher  than 
1200°C. 

Graphitic  cell/eleaents  successfully  can  be  utilized  for  heating 
cf  speciaen/saaples  made  of  high-aelting  carbides  and  other 
cxygen-free  coapounds. 

The  investigated  Materials  contained  a considerable  quantity  of 
interstitial  iapurities  which  inpeded  the  developaent/detection  of 

the  effect  of  the  saturation  of  aetal  by  the  cell/eleaents  of  furnace 

atmosphere . 
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The  effect  of  initial  iapurit y/ad**** ores  was  investigated  for 
annealed  cernet  tantalui  daring  testing  in  vacoua  with  the 
utilisation  of  a Metallic  heater. 
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heating  in  graphitic  heater:  a)  90C°C;  t)  1I0C°C;  c)  1800°C 


[Conditions/mode  of  the  annealing:  t=1380°C,  r- 1 h,  p=10~*  torr, 
hardness  after  annealing  HV=1176-1275  cf  HS/m2  (120-  130  kg/mm2)  1 


The  temperature  dependence  cf  the  mechanical  properties  of 
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The  range  of  teaperatares  of  2GO-6CO°C  they  observed  the 
stabilization  of  strength  and  reduction  in  the  plasticity  of 
tantalua,  which,  apparently,  is  cacsed  by  strain  aging  [27]. 

She  analyses  of  the  effect  of  the  cartcn-ccntaining  aediua  on 
the  aechanical  properties  cf  refractory  metals  were  carried  out  also 
for  the  pre-carbidized  molybdenum.  Speciaen/sa* pies  made  of  laninated 
■clybdenua  of  technical  purity/finish  C.5  ■■  in  thickness  subjected 
to  to  diffusion  saturation  by  carbon,  for  this,  were  asseabled  the 
piles  of  four  speciaen/saaples  whose  nose  sections  are  insulated  by 
packing  froa  aolybdenua. 

Diffusion  saturation  by  carbon  was  conducted  in  the  chucks, 
filled  with  graphitic  grist  (or  laap  black).  (Procedure  of  saturation 
is  in  detail  presented  in  werk  [29].)  Chucks  were  fed  into  Tamman 
furnace  and  they  heated  to  1450°C  with  bolding  1 h.  As  a result  on 
the  working  section  of  specinen/sa mple,  were  obtained  surface  films 
Ho 2C  with  thickness  0. OJ-O.C3  an,  closely  fitted  to  basis.  During 
heating  to  1600°C  with  the  holding  1 h cf  fila  in  specinen/sanples, 
they  had  thickness  0.12  aa.  Figures  31  gives  the  typical 
aicrostructures  of  speciaen/saaples  with  diffusion  carbide  coating. 
Fcr  comparative  tests  part  of  the  initial  speciiens  cf  aolybdenua 
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they  annealed  at  H50°C  for  1 h in 


Pig.  28.  Dependence  of  atrength  a 
on  tenperature  (designation  - see 


vacuun  13  sn/n*  (10"*  an  Hg)  . 


d plasticity  cf  latinated  tungsten 
Pig.  25)  . 


Key:  (1).  HN/«*  (kg/an*). 


Pig.  29.  Change  of  hardness  of  laninated  tungsten  after  holding  10 
Bin  in  graphitic  heater. 


Key: 


(1).  HV,  iH/n*  (kg/nn*) 
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The  results  of  the  strength  tests  cf  the  annealed  and  covered 
with  carbide  fila  aolybdenua  are  given  to  Fig.  32.  Fron  these  data  it 
is  evident  that  the  strength  of  aclybdenua  with  carbide  fila 
0.02-0.03  an  at  1200-14C0oC  by  10-15o/o  is  higher  than  the  strength 
of  the  annealed  aolybdenuv;  with  further  increase  of  teaperature, 
this  difference  is  decreased.  An  increase  in  the  thickness  of  the 
fila  Ho2C  up  to  0.  1 aa  leads  tc  reducticq  ir  the  strength  and  the 
sharp  decrease  of  plasticity.  An  increase  in  the  plasticity  of 
speciaen/saaples  with  fila  -0.03  aa  with  16C0°C  can  be  explained  by 
certain  decarbonization  of  the  surface  layer  cf  speciaen/saaple  at 
this  teaperature  (tests  are  carried  out  in  wacuoa). 

In  the  process  of  deforaaticn,  occurred  disturbance  of  the 
coqtinuity  of  aaterial,  at  the  working  section  cf  speciaen/saaple, 
appeared  the  cross  cracks  (Fig.  33).  They  were  spread  over  an  entire 
surface  of  speciaen/saaple. 
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Fig.  32.  Teaperature  dependence  cf  Unit  .of  strength  and  plasticity 


cf  aolybdenun:  1 - after  arrealing  with  145C°C,  for  1 h;  2 - with 


with  thickness  -0.12  la;  3 - tie  sane,  0.03  aa 


Key:  (1).  H*/a*  (kg/aa*) 


Fig.  38.  Appearance  of  speciaea/saapla  of  aclpfcdeaua  with  coating 


0.03  ■■  in  thickness  after  testing  with  100C°C:  a)  x 15 ; b)  *350. 

I 

| 

u 

Page  53. 

t: 

The  separate  strips  of  brittle  filt  were  ncved  cn  the  plastic  basis 
of  speciaen/saaple  . It  tost  be  noted  that  tie  cracks  appeared  at  the 
initial  stage  of  deforiatici,  into  the  depth  cf  aaterial,  they  were 
not  spread  and,  as  can  be  seen  froi  curve/giaph  in  Fig.  32,  on 

9 

strength  noticeable  effect  is  did  not  had. 

I 

Thus,  low-plasticity  surface  fila  up  tc  0.03  an  in  thickness 
several  increases  altiaate  strength  and  noticeably  it  descends  the 

i 

value  of  the  elongation  per  unit  length  of  iclybdenuw.  Carbide  filas 
by  thickness  -0.12  aa  ccntain  sufficiently  eany  large  flaw/defects  in 
the  fora  of  inclusions  and  pores  (see  Fig.  31) , aoreover  the  voluae, 
occupied  with  brittle  fila,  composes  -50o/c  of  the  volume  of 
speciaen/saaple  and  therefore  thick  files  is  had  aore  noticeable 
effect  on  the  strength  indices  and  plasticity. 


-3 
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In  recent  years  considerably  increased  tbe  interest  in  the 
aqalysis  of  high-melting  aaterials  under  conditions,  maximally 
approaching  operational  ones,  in  particular  in  oxidizing  Medium  at 
the  unsteady  thermal  conditions  and  pressures. 

For  conducting  such  experiments,  is  created  the  installation, 
mbich  makes  it  possible  to  conduct  research  in  the  specific  routines 
of  a change  in  the  temperature  and  pressure  oxidizing  medium  [30]. 

Installation  consists  of  vacuum  chamber,  system  of  heating 
speciaen/sample,  which  loads  the  systems  also  of  the  regulator  of  the 
conditions/modes  of  a change  in  the  pressure  (fig.  3b). 


\ 

I 
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Pig.  38.  The  installation  diagram  for  the  analysis  of  the  effect  of 
teaperature  and  oxidizing  Medina  cf  strength  refractory  aetals. 


Fage  54. 


Vacuua  chaaber  1 is  covered  by  the  flap*  packed  by  robber 
packing.  In  the  upper  part  cf  the  rear  wall,  is  arrange/located  the 
connecting  piece,  which  ccnrects  the  caaera/chavber  with  9 types 
diffusion  puap  H1-C2.  The  fcrevacuua  provides  10  types  fore  puaps 
BVM-20.  Vacuua  is  aeasured  with  the  aid  of  the  aanoaetric  laaps  of  12 
types  LT-2  and  LH-2  and  of  11  types  vacuua  gauges  VIT-1A. 

Test  speciaen  is  heated  to  the  assigned/prescribed  radiation 

teapexature  froa  laminated  heater  7 (Manufactured  frofe  the  same 

• \ 

refractory  metal,  as  the  speciaen/saaple  which  is  fastened  to  the 

» 

copper  water-cooled  shoes,  attached  at  the  ends  of  copper  current 
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inlets.  The  clearance  between  the  ends  cf  heater  is  arrange/located 
against  inspection  windew  in  cap/ccver,  which  lakes  it  possible  to 
control  the  process  of  speciaen/saaple  testing. 

The  teaperatare  of  spcciaen/saaple  is  regulated  according  to 
predetermined  prograa  with  the  aid  of  ccntrcl  instrnaents  and  voltage 
regulator  5 of  type  RMO-250/10,  voltage  fret  which  is  supplied  to  6 
types  step-down  transformer  OSD-40. 

Teaperature  is  aeasnred  by  platinui  or  tungsten-rhenioa 
thermocouple  3 and  poterticieter  4 of  type  IPE-C9H. 

Speciaen/saaple  they  lead,  after  filling  with  water  the 
container  which  is  suspend/hung  to  the  thrust/rod,  connected  with 
lower  aovahle  capture. 

Speciaen/saaple  with  8 has  the  size/diiensions  cf  working 
section/cut  5x1  aa  and  ccaacn/general/tctal  length  65  an,  it  is 
fastened  tc  captures  by  tungsten  pins.  The  axiality  cf  load  is 
provided  with  the  aid  of  the  special  centering  device. 

For  maintenance  in  the  caiera/chaafcer  cf  the  necessary  pressure 
level  oxidizing  aediua  cr  for  changing  it  bj  given  prograa  there  is 
developed  the  special  regulator  of  vacuum  ccnditions/aodes  2,  which 


» 


i 

f; 
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is  represented  in  Fig.  35. 

As  the  basis  of  its  ccnstruction/design,  is  placed  the  principle 
of  the  operation  of  vaccua  flo*  regulators  [31],  used  in  industrial 
vacuua  svstens. 
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Fig.  35.  Device  for  the  latching  cf  a quantity  cf  air  in  the 
caaera/chaaber. 

Fage  55. 

Bithin  cylindrical  housing  2 , is  aoved  in  vertical  direction 
needle  6,  grooved  together  with  insert  5 of  tool  steel.  Insert  is 
connected  disaountable/release  with  cap/cover  B,  by  freely  sponsor  on 
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disk  3 which  is  rigidly  connected  with  aicrcaeter  1.  Needle  in  the 
fora  of  frustun  with  apex  angle  6 deg  and  the  diaaeter  of  basis/base 
3 an  tightly  enters  in  saddle  7,  aanufactuced  ficn  lead.  The  site  of 
the  joint  cf  saddle  with  regulator  housing  is  packed  with  the  aid  of 
rubber  packing  by  8,  branch  10,  eaployee  it  is  siaultaneous  for  the 
connection  of  regulator  with  racuui  chaaber  of  installation,  and 
adapter  nut  9. 

Micrometer  makes  it  possible  to  conduct  the  preliainary 
calibrating  of  the  entering  the  caaera/chaaber  air  flow,  and  also  the 
rate  of  pressure  increase  through  predeterained  program  in  dependence 
op  range  of  needle.  This  is  especially  important  when  is  required 
strict  reproducibility  cf  the  cycle  of  unsteady  vacuum 
coqditions/aode. 

Mith  the  aid  of  the  described  installation  was  studied  the 
effect  of  oxidizing  aediua  and  teaperature  cn  the  bearing  capacity  of 
the  laainated  aolybdenua  of  the  aark/brand  HEN  and  laminated  niobiua. 

(By  the  bearing  capacity  cf  aaterial  was  understood  the  load,  in 
reference  to  the  unit  of  the  origical  cross-sectional  area  of 
speciaen/saaple,  which  the  latter  is  age/held  during  this  steady  or 
unsteady  vacuua-  teaperature  state  without  decomposition) . Research 
were  conducted  with  1000,  1100,  1200,  1500  and  by  1800°C.  Pressure  in 
the  caaera/chaaber  was  aeasured  from  1.33  ftR/n*  to  98  kN/a*  (10~*  to 
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760  an  Hg)  . 

Baring  steady  states  c£  tests  the  speciaen/saaple  was  age/held 
daring  10  ain  at  appropriate  teapeiature  and  a pressure,  and  then  was 
loaded  and  was  carried  to  failure. 

the  findings  on  a change  of  the  bearing  capacity  of  laainated 
aolybdenua  in  dependence  cn  the  degree  cf  e *ac nation /raref action  and 
teaperatare  of  testing  are  represented  in  Fig.  36. 

The  character  of  carves  attests  tc  the  fact  that  a reduction  in 
the  bearing  capacity  of  laainated  aolybdenua  is  proportional  to 
teaperatare  and  pressure.  In  the  range  cf  pcessures  1.33  |lN/nz  - 1.33 
dall/a*  (10”*-10“»  nm  Hg)  the  bearing  capacity  cf  aolybdenua  virtually 
reaains  constant/invariable  for  all  values  cf  teaperatare  accepted. 
Further  pressure  increase  leads  to  the  intensification  of  oxidation 
processes,  cross  size  decrease  in  connection  with  volatility  of 
generating  oxides  and  as  ccnseguence,  tc  a ccnsiderable  reduction  in 
the  bearing  capacity. 

In  the  curves  (see  Fig.  36)  are  noticeable  the  characteristic 
critidal  points,  which  correspond  to  the  pressure  whose  excess  at 
this  teaperature  substantially  affects  the  bearing  capacity  of 
aolybdenua.  For  exaaple,  at  1500°C  characteristic  is  the  point,  which 
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corresponds  to  pressure  1.33  daH/a2  (10~»  ■■  Hg)  ; for  1200°C  - 1.33 
H/a*  (1  aa  Hg) . 
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Fig.  36.  Effect  of  teaperatcre  and  pressure  on  the  bearing  capacity 
cf  nolybdenua. 

Kef:  (1).  HH/a2  (kg/aa2).  (2).  (aa  Hg) . 

Page  56. 

The  process  of  high-teiperature  oxidation  especially  violently 
proceeds  at  the  pressure,  close  to  ataospheric;  in  this  case. 


tj 


I 


intensely  is  vaporized  trioxide  of  aolybdenua,  open/disclosing  to  air 
access  to  the  virtually  unprotected  surface  of  aetal.  Is  decreased 
the  section/cut  of  speciaen/saaple  and  its  tearing  capacity.  So,  at 
1200°C  and  a pressure  13  kR/a2  (100  aa  Hg)  it  ccaposes  19o/o  of 

K!  *1 

bearing  capacity  in  vacuua  at  the  sane  teaperatcre. 

1 !j 

The  aost  essential  reason  for  catastrcphical  decoaposition 


ill  ..  . — • . — 1 ji;  / . 
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daring  the  oxidation  of  aclybdeaaa  in  the  appearance  of  a liquid 
phase  - low-melting  (<n«= 795°C)  trioxide  cf  uclybdenun.  Test  specinens 
failed  theaselves  in  lower  part,  where  draiccd  wclten  trioxide  of 
wolybdenun. 

At  atnospheric  pressure  the  s peciaen/saap le  completely  burned 
during  10  win  with  1100°C. 

The  oxidation  of  aclykdenun  decreases  its  plasticity,  which  nost 
is  noticeable  at  1500°C.  lith  pressure  increase  fron  10"»  to  133  N/m2 
(1  nn  Bg)  the  elongation  per  unit  length  of  speciaen/saaples  at  the 
teaperature  indicated  descends  fret  33.3o/i  to  6.ho/o,  i.e.,  5.5 
tines;  The  dependence  of  the  plasticity  of  laainated  molybdenum  on 
pressure  for  two  temperatures  cf  testing  is  represented  in  Pig.  37. 

For  niobium,  unlike  molybdenum,  the  characteristically  original 
increase  of  bearing  capacity  with  pressure  inccease  to  13.3  N/m2 
(1C-1  an  Hg) . Further  increase  in  tbe  pressure  leads  to  a reduction 
in  the  bearing  capacity  cf  niobiua;  however,  the  negative  effect  of 
oxidation  processes  aanifests  itself  to  considerably  smaller  degree, 
than  in  the  case  of  aolybderua.  The  tearing  capacity  of  nolybdenua 
speciaen/sanple  after  1C  ain  at  atnospheric  pressure  and  teaperature 
of  1200°C  is  in  effect  equal  tc  zero,  while  for  tbe  niobiua,  which 
was  being  found  under  analogous  ccrditicns,  it  composes  9to/  of  its 
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tearing  capacity  with  1.33  nli/a*  ( 10~*  ■■  Hg)  and  by  1200°C,  or  62o/o 
cf  its  maximum  bearing  capacity  for  this  teiperature  [i.e.  with 
p=  13.  3 H/a*  (10-»  an  Hg)  ]. 


the  graph/diagraas  of  the  dependence  cf  the  bearing  capacity  of 
laainated  niobiua  on  pressure  are  represented  in  Fig.  38. 


the  presence  of  aaxiaus  tc  curve  v-p  fer  riobiui,  apparently, 
shculd  explain  by  the  fact  that  the  strengthens  d/hardened 
action/effect  of  interstitial  iapurities  - oxygen  and  nitrogen, 
occurs  before  their  specific  concentrations  higher  than  which  begin 
the  processes,  which  lead  to  the  decrease  cf  bearing  capacity.  It  is 
knewn  that  among  refractory  aetals  the  niofciua  is  sensitive  to  the 
effect  of  oxygen  and  nitrogen. 

Page  57. 

Hork  [|21]  shows,  that  an  increase  in  the  oxygen  content  and 
nitrogen  in  niobiua  leads  tc  its  strengthening,  moreover  the  effect 
of  oxygen  is  predo ainat i ng. 

The  strengthened/hardened  action/effect  of  interstitial 
iapurities  was  also  reveal/detecte c by  Fratk  [55].  Samples  from  the 
niobiua  alloy  F-48,  expesed/persistent  for  C.5  h in  air  with  1090°C, 
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during  the  subsequent  tests  proved  to  be  stronger  than  the 
specimen/samples,  which  were  net  being  subjected  to  oxidation. 

The  established/installed  in  cur  works  laws  governing  a change 
cf  the  bearing  capacity  of  niobiua  in  oxidi2ing  aediua  confirn 
previously  findings  on  the  strengthened/hardene  <3  action/effect  of 
interstitial  impurities,  Furthermore,  tests  at  different  teaperatures 
and  pressures  and  the  corresponding  to  thew  oxidizing  aedia  Bade  it 
possible  to  reveal/detect  tie  existence  of  certain  critical  pressure 
whose  excess  causes  a reductioc  in  the  bearing  capacity.  This 
critical  pressure  corresponds  to  the  specific  temperature  interval  of 
tests  and  specific  delay  tiwe  cf  s peciaen/saap les  at  the 
assigaed/p rescribed  temperature.  For  the  t iae/teaporary  basis  of 
tests  (10  ain)  accepted  in  teaperature  range  1000-1500°C  for  niobium 
critical  ones  one  should  count  pressure  order  13.3  N/n2  (10  — 1 mm  Hg) , 
that  corresponds  to  the  maximum  value  of  the  bearing  capacity  (see 
Fig.  38). 

Increasing  under  certain  conditions  the  bearing  capacity  of 
niobiam,  interstitial  impurities  even  in  insignificant  quantities 
negatively  affect  its  plasticity.  1 reduction  in  the  plasticity  is 
connected  with  the  eabr ittleaert  of  niobiua  as  a result  of  the 
diffusion  cf  oxygen  even  at  very  low  partial  pressures. 
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¥ith  pressure  increase  froi  1-33  MV**  (10“»  ■■  Hg)  to  13.3  n/b* 
(10“*  bb  Hg)  the  elongation  per  unit  length  cf  speciaen/sa spies  after 
boldiag  with  1200°C  is  reduced  froa  35-2  tc  22-3o/o. 


Key:  (1).  HN/a*  (kg/aaZ).  (2).  (as  Hg) 
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Pig.  §7.  The  effect  of  pressure  on  the  plasticity  of  the  molybdenum 
1 - 1200°C ; 2 - 15 00°C. 


Pig.  38.  Effect  of  teaperature  and  pressure  cn  bearing  capacity  of 
niobiaa. 


Fage  58. 

The  dependence  of  the  plasticity  of  nicbiua  on  pressure  with 
1200  and  1500°C  predstavlena  in  Pig.  39. 

the  aost  complete  representat icn  of  the  laws  governing  a change 
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of  the  bearing  capacity  and  plasticity  cf  refractory  materials  under 
conditions  of  highr- teapcrature  oxidation  can  be  obtained,  if  is 
considered  the  dependence  of  the  intensity  cf  the  processes  of 
corrosion  on  the  stressed  state  of  aaterial.  For  this  purpose,  was 
studied  the  effect  of  the  preliminary  loading  of  speciaen/sauples 
under  conditions  of  oxidizing  aediua  for  their  tearing  capacity  under 
the  following  conditions:  t=1500°C;  p=133  B/a*  (1  an  Hg) ; r=10  ain, 

«o=0;  •®*0.3o,;  #*»0.6o,,  where  «°  - stress  cf  preliminary  loading;  o»- 
conditional  bearing  capacity. 

The  results  of  this  investigation  are  represented  in  Fig.  40.  As 
can  be  seen  froa  graphs,  initial  lead  considerably  intensifies 
oxidation  processes,  as  a result  of  which  descends  the  bearing 
capacity  of  materials. 

Although  the  laws  governing  a change  in  the  strength 
characteristics  of  nolytdenua  and  riobiun  have  specific  special 
feature/peculiarities  [presence  of  the  zone  cf  catastrophical 
oxidation  and  the  sharp  reduction  in  the  plasticity  with  1 500°C  and 
p=133  N/a*  (1  na  Hg)  for  aclybdenua,  the  presence  of  the  naxiaua  of 
strength  to  curve  «-p  fer  niobiua],  nevertheless  there  is  a 
coaaon/general/total  for  both  of  aetals  tendency  toward  softening 
under  the  effect  of  oxidizing  aediua.  In  the  range  of  low  partial 
pressures  on  surface  of  koth  of  aetals,  are  feraed  the  fine/thin 
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oxide  files,  which  possess  high  adhesive  properties  and  shielding 
ability.  With  an  increase  in  the  oxygen  pressure  lore  intensely 
diffuses  to  interface  the  aetal  - oxide.  The  generating  on  the 


surface  of  aolybdenua  layer  of  tricxide  of  Bclyhdenua  Belts  and 
escapes,  so  that  further  oxidation  occur/f lcw/lasts  rapidly,  with  the 
less  of  the  Bass  of  speciien/saaple . 
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Pig.  39.  The  effect  of  pressure  on  the  plasticity  of  the  niobiaa:  1 - 
1200°C;  2 - 1500°C. 

Key:  (1).  (■■  Hg). 


^9*  90.  Effect  of  preliminary  holding  undec  lead  on  bearing 
capacity:  1 - aolybdenua,  2 - niobiua. 


Key:  (1)-  •,  MH/i*  (kg/ia*). 

Page  59. 


Oxides  of  niobiaa  are  not  volatile  ccapcnests.  However,  the 
thickening  of  oxide  layer  leads  to  its  cracking  and  peeling  under  the 
action/effect  of  ccapressive  stresses. 

For  both  of  aetals,  the  pressure  increase  leads  to  the  loss  of 
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the  adhesive  and  shielding  properties  of  oxide  files,  and  also  to  the 
less  of  the  ability  of  files  tc  absorb  eechanical  load.  This, 
apparently,  and  is  caused  a redaction  in  tie  tearing  capacity  of 
eolybdenun  and  niobium  with  p>13.3  M/a2  (10~a  n Hg) . 

Effect  of  the  deformation  rate  on  the  strength  properties. 

Jn  the  institute  cf  the  problems  cf  the  strength  of  AS  UkSSR,  is 
developed  the  procedure  of  the  investigation  of  the  mechanical 
properties  of  high-melting  materials  taking  into  account  the  combined 
action  of  temperature  and  deformation  rate  it  is  created  experimental 
installation  IP-02  [32,  33],  that  lakes  it  possible  to  change  the 
deformation  rate  within  the  liiits  of  10“*- 10”*  s~*. 
lccuracy/precision  of  measurement  and  recording  the  amounts  of 
effort/force  and  strain  - 3c/o. 

Installation  IP-02  is  eguipped  with  the  devices,  which  make  it 
possible  in  the  process  of  tests  tc  realize/acccmplish  an  automatic 
recording  cf  stress-strain  diagrams  in  coordinates  p-AX.  The 
measuring  mechanisms  of  recording  mechanism  possess  minimum 
inertness. 

I 


Since  the  realization  of  the  autcnatic  recording  of 
stress-strain  diagram  at  high  temperatures  (>2200°C)  with  fixation  of 
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a change  in  the  length  only  of  working  section  of  speciaen/saaple  is 
connected  with  extreaely  great  difficulties,  cn  the  najority  of  the 
existing  installations  the  strain  cf  speci wen/sawple  usually  is 
■easured  according  to  displacement  of  active  clasp,  which  is 
connected  with  considerable  errors.  In  cur  installation  used  special 
device  [32,  33],  which  sakes  it  possible  tc  continuously  neasure  the 
strain  of  the  working  secticn  cf  specisen/sasple.  Displacement  of  the 
levers,  abut  against  the  recesses  cf  wcrking  section,  is  transferred 
to  the  indicator  with  which  is  connected  spring  bracket  with 
resistance  strain  gauges.  Signal  frcn  strain  gauges  enters  the  strain 
■easuring  station,  and  tben  the  potenticseter  of  the  type  EPP-09H. 

Analogously  is  converted  signal  frcn  force  gauge  (indicator  of 
dynancaeter  DS-02) . Systen  lakes  it  possible  with  high 
accuracy/precision  to  record/write  the  stress-strain  diagran,  limited 
by  size/diaensions  270x270  aa. 

With  the  aid  of  the  developed  installation  were  deternined  the 
characteristics  of  strength  of  scae  high-aelting  aaterials  in  the 
flat/plane  speciaen/saaples  which  were  cut  lengthwise  fron  the 
sheets,  rolled  with  reduction  S5o/c  without  the  subsequent  heat 

I 

treatment.  Tests  were  ccnducted  at  teaperatures  froa  20  to  1600°C  and 
the  deforaation  rates  ftca  10~«  to  10~»  s "*  [32]. 
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The  results  of  investigat icns  are  cepresented  fcr  coaaercially 
pure  aclybdenun  in  Pig.  4 1,  fot  alloy  VH-1  in  Pig.  42,  for 
ccaaercially  pure  niobiua  in  Pig.  43,  fcr  alley  VN-2  in  Pig.  44.  Data 
for  an  alloy  on  the  basis  of  aolybdenua  uith  C.5o/o  ti  and  0.5o/o  Zr 
are  given  to  Pig.  45.  Graphs  are  constructed  fcr  the  average  test 
values  of  4-5  speciaen/saaplea  under  identical  conditions. 

1171 
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Pig.  *3.  Effect  of  temperature  and  deferaatien  rate  on  mechanical 
properties  of  niobium. 


Key:  (1).  (kg/a a*). 


Pig.  44.  Effect  of  temperature  and  defoiaation  rate  on  mechanical 
properties  of  alloy  VN-2. 


*•):  »|1).  ■■/■*  <kg/«m«) 
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Pig-  *»5.  Effect  of  temperature  and  d«fonation  cate  on  the  liait  of 


the  strength  of  alloy  TsH-21. 


Key:  (1).  HM/e2  (kg/ee2).  (2).  s. 
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Page  62. 

The  analysis  of  the  obtained  results  slows  that  in  the  range  of 
teepexatures  of  20-400°C  liaits  of  the  strength  of  the  tested 
Materials  with  an  increase  in  the  defoliation  rate  grow/rise 
insignificantly.  Beginning  frca  the  teaperatures  of  order  (0.35-0.50) 
Tna,in  increase  in  the  deforaation  rate  leads  to  nore  essential 
increase  in  strength,  in  this  case,  is  decreased  a difference  in  the 
values  of  the  liaits  of  strength  and  yield;  the  dependence  of  strong 
properties  on  the  deforaation  rate  for  alleys  is  developed  to  a 
lesser  degree  than  for  pure  aetals. 

The  obtained  dependences  of  aecharical  characteristics  on 
teapecature  and  deforaaticq  rate  caq  be  presented  analytically: 

= + 0.17) 

where  or, r - ultiaa  te  strength  at  data  to  the  teaperature  And  the 
deforaation  rate;  *0  - cltiaate  strength  under  the  standard 
conditions  of  testing;  a - coefficient  of  tteraal  softening;  T - 
testing  teaperature;  T0-  - rcca  teaperature;  Tub  - halting  point;  K - 
coefficient  of  deforaation  strengthening;  K*K1  with  T^0.4  Tn\  K*K( 
with  1^0.4  Tuu\  v - a deforaation  rate;  V0  - deforaation  rate  under  the 
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standard  conditions  of  testing. 

The  proposed  equation  in  mathematical  fora  excesses  assertion 
about  the  fact  that  the  strength  of  metal  at  an)  values  of 
temperature  and  deformation  rate  in  essence  is  determined  by  the 
competing  development  of  the  processes  cf  tie  strengthening,  caused 
by  pldstic  strain,  and  therval  softening. 

i 

Estimation  of  error  in  the  measurements  during  mechanical  tests. 

The  functional  dependence  between  four  parameters:  by 
voltage/stress  0,  strain  e,  temperature  T ard  time  r - is  not 
siqgle-valued. 

Since  it  is  impossible  to  obtain  the  solution  of  the  equation 
/(*,  ..  T,  t)  = 0 (1.18) 

in  general  form,  the  role  cf  separate  factors  is  studied 
experimentally  and  finds  the  limiting  conditions,  which  are  dangerous 
ernes  for  the  work  cf  cc rstrcction/design.: 

Buring  the  study  of  the  mechanical  properties  of  material,  it  is 


necessary  to  determine  the  stresses  and  state  cf  strain  in  point. 
However,  local  measurements  to  conduct  is  difficult;  therefore  the 
tendency  is  to  create  the  uriform  stressed  state  in  volume. 


Page  63. 

For  this  reason  fos  testing  for  elongation  (compression)  they  give 
■ore  correct  information  about  the  mechanical  properties  of  Material, 
than  bend  and  twisting. 

1 classical  single-factor  experiment  cl  type  o=f(e ) mithout 
taking  into  account  of  a change  in  parameters  T and  r is  permissible 
only  for  normal  temperatures,  iith  the  increase  of  testing, 
temperature  the  mechanical  properties  cf  materials  substantially  are 
changed  as  a result  of  the  thermal  activation  of  structural 
processes.  Consequently,  errors  of  measurement  cf  effort/force  and 
strain  must  depend  on  tfce  temperature  of  tests,  duration  pf  the 
measurement  and  other  factors. 

In  the  general  case  a full/total/ccmplete  error  of  measurement 
is  determined  by  the  reaction  of  tie  following  five  factors: 

1)  the  object  of  measurement; 

2)  experimenter's  subjective  cata; 


Pm  y\X0 

instr uaent; 

4)  the  aethod  of  aeasureaent; 

5)  the  environment,  in  which  «ccut/f low/lasts  the  aeasureaent. 
Each  factor  introduces  the  appropriate  error  into  the  obtained 
results  of  measurements,  anc  when  selecting  cf  cptiaua  aeasuring 
circuit  it  is  necessary  tc  consider  its  partial  contribution. 

Errors,  as  a rule,  are  caused  by  the  iaperiection  of  aeans  and 
aethods  of  aeasureaent  and  are  subdivided  irtc  systematic,  accidental 
and  errors. 

Systeaatic  errors  during  repeated  aeasureaents  renain  constants 
cr  are  changed  according  to  the  specific  lat.  The  reason  for 
systeaatic  aeasuring  errors  in  many  instances  is  known,  then  it  is 
possible  to  deteraine  by  .calibrating  and  tc  eliaiqate  froa  the  result 
of  the  aeasureaent  by  the  introduction  cf  correction.  Calibrating  can 
be  realize/accoapl ished  by  a method  of  substitution,  by  a net  hod  of 
the  compensation  error  cn  sign,  by  a method  of  syaaetricali 
ebservations  and  by  other  aethods  [34]. 

ft  must  be  noted  that  the  undetected  systematic  error  dangerous 
fcy  accidental.  The  presence  of  randca  errors  decreases  the 
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aathenticity  of  the  result  cf  xeasareaent,  the  presence  of  systeaatic 
cues  -*  aakes  it  inaccurate  ones. 


The  correct  liberatioq/isclation  of  the  errors,  which  check  the 
accuracy  of  aeasureaent,  aakes  it  possible  to  expediently  plan 
experiaent.  If  process  is  ccntcclled  by  systeaatic  error,  then 
sufficient  to  conduct  several  precise  expedients  and  to  eliainate 
systeaatic  error;  if  accidental  - the  is  adiissible  utilization  of 
less  precise  aeasuring  circuits,  but  is  qecessary  larger  nuaber  of 
experiaents,  their  statistical  interpretation. 

It  is  necessary  to  also  distinguish  static  and  dynaaic  errors. 
Dyqaaic  error  during  the  aeasureaent  of  unsteady  processes  is 
deterained  in  essence  by  the  accuracy/precisicn  of  eguipaent,  by 
cscillatory  and  inertia  links  [35]- 

Page  64. 

As  the  criterion  of  the  dynaaic  resolution  cf  tools,  is  utilized  the 
passbhnd  of  frequencies,  i.e.,  the  range  of  the  frequency  spectrua  of 
the  a4asured  value  which  is  reproduced  aith  the  peraissible  relative 
errors. 


Ii 

1 1 
)i 

i 

j 


in  order  to  fulfill  aeasureaent  in  the  required  freqaency  range 
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necessary  to  correctly  select  the  dynaaic  characteristics  of  the 
liqks  of  aetering  circuit. 

For  exanple,  during  the  utilization  as  sensors  of  elastic 
cell/eleaents  with  strain  gauges  is  necessary  the  observance  of 
inequality  [36]: 

«0>(8-MOK  (1.19) 

where  u0  - natural  frequency  of  elastic  systea;  w - frequency  of  the 
process  (highest  harnonic  ccaponent)  being  investigated. 


During  static  tests  the  dcainant  role  they  play  instruaent/tool 
and  systematic  errors  in  direct  aeasureaents  cf  teaperature,  strain 
aad  lqad  froa  which  are  calculated  resultant  errors  in  the  aechanical 
characteristics.  Are  exaained  below  basic  ferns  and  the  sources  of 
errors. 


For  measuring  the  teaperature,  predoairantly  are  utilized  the 
thera^couples  and  the  optical  pyroweters,.  which  aake  it  possible  to 
record  local  temperatures. 


i 
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The  capacities  of  teaperature  by  the  aetallic  thermocouples, 
used  in  industry,  ccapose  1600°C  in  air  and  2C0C°C  in  vaceua  and 


inert  aediua 
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K=  L i./  At  - sensitivity  irdex  of  thermocouple; 


A t - increase  of  TEMF  vitb  an  increase  in  the  teaperature  by 
value  At.  1 


t - teaperature  cf  tests; 


ti  - the  systeaatic  error. 


Page  65. 


1 total  error  of  acasureaent  in  optical  pycoaetry  depends  on  the 
following  factors: 


A)  the  aeasured  value  of  teaperature; 


b)  calibration  error  of  teaperature  laap  (standard  of 


comparison) . 


c)  the  class  of  the  precision  of  measuring  instrument; 


d)  the  accuracy/prccision  of  the  control  of  the  filament  of 
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a)  the  accuracy  of  visual  pyrcaetric  aeasureaents ; 


f)  the  error,  which  appears  during  the  in traduction  pf  light 
filter,  error  in  the  extrapclation. 

g)  the  anbient  conditions  cf  aeasureaents,  coefficient  of 
klackaess  e*=  #(T) ; the  aetbed  cf  beating,  radiation  absorption  in 
aedius  and  sight  glasses. 

In  the  nore  general  view  cf  an  error  cf  measurement  of  the 
tenperature  of  specinen/sasple,  arc  corrected  the  instrueent  error  in 
the  pyrceeter  and  the  sjstematic  error,  determined  by  aeasuring 
conditions. 


The  instrument  errers  in  the 
practice  of  aechanical  tests,  are 


pyremeters,  utilized  in  the 
given  in  table  8. 
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'table  8.  The  instrument  errcrs  in  the  pyrpicters. 
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•c 
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onnnp-09 

800—2000 

. 800-1400 

B 

±20 

|37) 

1200-2000 

±30 

onnHP-on 

1200-3200 

1200-2000 

±30 

137J 

1800-3200 

±80 

on-48 

900-3000 

900-2000 



(381 

2000-3000 

— 

OMn-019 

900—4000 

900-2000 

B 

±3 

13B1 

ean-3 

600-1800 

600-1100 

800-1300 

900-1400 

1000-1700 

1100-1800 

„ E & 

3—5  nojUH- 

1.0 

1301 

- 

U3n  3 

1400-2800 

1.0 

— 

(38J 

* 

. "t- 

•nuOHOB  no 

250—450°  C 

Key:  f 1)  . Type  of  pyrometer.  (2).  Benge  of  meamiired  temperatures,  °c. 
(3).  Capacities,  by  °C.  (4).  Easic  permissille  error.  (5).  deg.  (6). 

Literature.  (7).  3-5  subregions,  25C-450°C  each. 
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ill  pyreneters  with  the  disappearing  filament  are  graduated  on 
absolate  to  blackbody  and  they  make  it  possible  to  deteraine  only 
teapeEature  brightness  cf  radiating  surfaae.  Per  determining  the 
actual  teaperature  of  speciaeq/saaple,  it  is  necessary  to  consider 
deviation  from  the  conditiors  of  blackbody  lor  the  surface  of 
material;  this  correction  in  the  majority  cl  the  cases  is  known  only 
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The  error  of  measurement  cf  teaperatwie,  connected  wi th  the 
iaaccarate  determination  of  the  value  of  the  eaissivity  of  the 
surface  of  the  material  of  specinen/saaple  *x, T,  can  be  calculated 
according  to  the  fcraula 

A7-,  = -£-*Ln  (1.21) 

rnhere  a,  - effective  wavelength  for  the  red  light  filter  of 
pyrometer; 

Ae 

— relative  error  cf  measurement  in  the  eaissivity; 


T - real  temperature  cf  tody. 

If  a relativa  error  iq  the  determination  of  the  eaissivity  of 
the  surface  of  specinen/saaple  -^-<±0,1, tier  an  error  in  computed 
value  of  correction  for  measured  temperature  brightness  S,  is  equal 
tet 

Ar, » ± 4.5  • 10~«S.*.  (1.22) 

A subjective  error  in  the  compensation  of  the  brightness  of 
filament  and  specinen/saaple  depends  cn  contrast  threshold  of  human 
eye,  i.e.#  on  value 


where  Bt  - brightness  of  the  filament  of  teaperature  lamp; 
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£«  - brightness  ci  background  (surface  of  speciaen/saaple)  . 

During  measurements  with  ccamcq  photipuetric  accuracy/ precision 
-^-*0,01  with  X=0.65  pa  the  error  for  the  condensation  of  brightness 
cat)  ba  calculated  according  to  the  fcraola 

A (1.24) 

where  A E/E  - relative  error  of  measureient  cf  the  monochromatic 
luiinqos  density  of  blackbody. 

Page  67. 

Set/assuning  AE/EjcC.01,  ue  find 

AS  = 0,5  • 10_*S*.  (1.25) 

Correction  for  radiation  absorption  in  sight  glass  of  test  chamber 
they  calculate  according  tc  the  fczaula 

~5[  "5"  ^ Z7 ln "T ’ (,  26> 

where  St  - the  temperature  brightness,  ueasured  after  radiation 
aksorpticq  in  sight  glass; 

S - the  temperature  brightness,  ueasured  to  the  passage  of 
eaissicn/radiation  through  sight  glass; 
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r - coefficient  cf  the  transmission  cf  the  glass: 

'-i&r-  [ "•27) 

where  n - refractive  index. 


icr  the  quartz  glass  n=1.46;  in  this  Ccse  t=0.93  and 
1/S|-1/S£ASt/S*;-3.  3«10~».  Consequently  , 

AS,  «&  3,3  • 10~4S*.  (1.28) 

Allowance  for  radiation  absorption  in  glass  can  considerably  be 
changed  during  aetal  spraying  of  the  naterial  of  heater  t?  the 
sarface  of  glass.  Fron  formulas  (1.26)  and  (1.27),  and  also  froa 
table  8 it  follows  that  errors  cf  xeasuceaert  cf  teaperatare  by  the 
optical  pyroaeter  are  increased  of  the  proportionally  to  the  square 
absolute  temperature  of  speciaec/saaple. 

The  exaained  instr uaent/tccl  and  sjstexatic  errors  are 
statistically  independent;  therefore  a total  error  of  aeasureaent  of 
the  teiperature  of  the  spcciaen/saiple: 

Af=)/A7'2  + A7l  + A51,  (1.29) 

where  - the  instruaect  error  in  the  optical  pyroaeter. 

The  aethod  of  aeascring  the  strains  it  aany  respects  deteraines 
size/dimeqsions  and  the  fora  of  speciaan/saaples,  the 
construction/design  of  test  chaaber.  The  stall  size/di aensions  of 
spcciaen/saaples,  the  high  aodule/toduli  of  elasticity,  the  presence 
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cf  aediua  and  the  large  active  regicn  of  keatinc  considerably 
ccaplicate  the  aeasureaent  cf  strain. 

Usually  utilize  following  aethods  cf  aeasuring  the  strain: 

1.  Contact  aethods  of  aeasureaent  with  the  aid  of  the 
extensoneters  of  different  ccnstruction/des igns , fastened  in 
spcciaen/saaple. 

Page  68. 

The  ends  of  the  thrust/rods  of  extensoneters  derive/conclude  froa  hot 
zone  and  with  the  aid  of  optical-lever  systeis  and  transformers  are 
obtained  a plausible  increase  for  observation  and  recordings  of  the 
strain  of  specinen/saaple. 

2.  Noncoqtact  aetheds  cf  aeasuring  strain  cf  specinen/sanple 
with  the  aid  of  optical-nechanical  systems  cf  type  of  ca tketoaeters. 

The  contact  methods  cf  aeasurenents  aake  it  possible  to 
ccnparatively  simply  convert  input  sigqal  - aechanical 
displacene nt/novenent  (thrust/reds  of  exteqscneters,  active  capture) 

- int q convenient  for  a recording  electric  cr  aechanical  output 
signal  with  a great  increase.  This  principle  is  placed  as  the  basis 
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of  the  majority  of  construction/designs  foe  the  automatic  recording 
cf  diagraas  load  - strain  at  elevated  temperatures.  Curing  the 
utilisation  of  this  measuring  circuit,  it  is  necessary  to  stabilize 
well  temperature  or  to  manufacture  the  accccnt  cf  the  thermal  strains 
cf  metering  circuit. 

fhe  instability  of  the  temperature  of  spec imen/sample  leads  to 
errors  in  the  recording  of  stress- strain  diagram  (Fig.  46)  at  the 
ccnstant  velocity  of  the  deformation  of  spe cimen/sample  v.  Magnitude 


of  error  determines  the  inequality 


(1.30) 


where  - rate  of  change  in  the  temperature  along  the  length  of 

At 

X.  heated  section;  a - coefficient  cf  the  linear  expansion  of 
material. 


Systematic  errors  cf  measurement  of  the  strain  cf 
speciaen/sample  as  a result  of  the  elongation  cf  the  cell/elements  of 
power  circuit  under  load  can  be  determined  ty  calibrating  (Fig.  47). 


Fig.  46.  Errors  in  the  recording  of  stress-str e ip  diagram  during  the 
oscillation/vibrations  cf  the  temperature  cf  the  specimen/sample:  1 - 

V j»l 

—}—<*  - the  speed  gf  loading  is  increased  during  the  decrease  of  the 

temperature  cf  specimen/sample;  2 - v<-°  - the  temperature  of 

v.i 

specimen/sample  is  constant;  3 - o<-i-<i  - the  speed  of  loading  is 
decreased  with  an  increase  in  the  temperature;  4 - >,  - on  diagram 

is  reccrd/fixed  load. 

Fage  69. 

Allowance  is  deterxined  from  the  ferauia 

<131> 

where  a/ ^ - overall  strain  of  power  circuit,  recorded  to  EPP;  e 
confidence  limit  M<*m.  04  the  IO0/0  level  of  significance;  KM,'Kr  - 
coefficients  of  an  increase  by  FFP  and  the  lever/crank  extensometer 
TP,  respectively;  A/0  - strain  of  the  werkieg  section  of 
specimen/sample  04  TP;  A/n±et  * correction  and  its  confidence  limit. 


> ■ .-a 


r 
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The  results  of  calibrating  installation  "electron"  are  given  to 
Fig.  CC.  The  initial  secticr  of  dependence  A/»=f(P)  in  approximated  by 
parabola;  it  corresponds  to  the  elastic  defcraation  of  lints  to  the 
selection  cf  clearances,  to  a change  of  the  ccqtact  in  the  conjugate 
pairs,  etc.  With  further  increase  in  the  lead,  is  establish/installed 
linear  shape  of  the  curve. 

At  the  temperatures  higher  than  1700*C  strains  cf 
specimen/samples  are  usually  measured  by  optical,  noncontact  methods, 
i.e.,  by  direct  observations  after  changes  in  cress  sections  of  the 
working  section  of  speciaen/saaple. 
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Fig.  47.  Diagram  of  the  determination  of  Correction  for  tie  strain  of 
the  cell/elements  of  power  circuit. 


I*  (*r  i (t) 

Fig.  46.  Dependence  of  correction  for  strain  of  cell/elenents  of 
power  circuit  on  load. 

Key:  j(1).  kgf. 

Ea  ge  70. 

Irrors  in  the  nonccntact  retbed  are  Caised  by  the  following 


factors: 
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])  by  the  resoluticn  cf  optical  systems  with  long-distance 
objectives. 

2)  by  the  accuracy/precisicn  of  the  sighting  of  locating 
surfaces  of  speciaen/saaple  with  tic  high  brightness  of  hot  body. 

3)  by  the  rate  of  tie  processes  cf  the  creep  of  the  saterial  of 
speciaen/sacple  and  relaxation  cf  its  stresses  in  the  tice  of  visual 
■easuEeaeqt  at  the  high  teiperatures  of  testing; 


4)  by  the  difficulty  cf  the  t ransf or aa tic r cf  input  signal 
(strain)  fcr  automatic  recording. 

The  aeasuring  errors  in  essence  are  determined  by  the 
accurdcy/precision  of  sighting  which  ir  turr,  depends  on  eseful 
magnification  in  duct  and  resolving  power  ci  observer* s eye.  Useful 
magnif ication  in  thie  duct  G with  the  angular  resolution  of  eye  1' 

they  calculate  according  to  the  fcr aula 

. 

r = W’  (132) 

where  D - a diameter  of  objective,  am. 

The  error  for  sighting  is  egual  to: 

(1.33) 
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the  permitted  linear  distance,  or  the  linear  error  for  sighting; 

(1.34) 

where  /,  - a focal  length  cf  objective. 

The  given  dependences  are  valid  at  the  average  values  of 
brightness  to  which  corresponds  ccrtrast  thieshcld  of  huaan  eye 
l*5-2g/c  £40]. 

Bith  the  increase  cf  teaperature  the  intensity  of  the  glow  of 
sp cciaen/saaple  is  increased,  appears  the  hale  around  locating 
surfaces,  contrast  detericrates,  tie  resolving  fewer  of  eye  sharply 
falls  and  a pointing  error  grow/rises. 

the  accuracy/preciciot  of  the  installation  of  the  crosshair 
depends  also  on  the  geoaetric  fora  of  bases.  Hith  the 
gaidance/induction  of  filaaent  to  the  edge  cf  cylinder,  the 
accuracy/precision  of  installation  ccaposes  3C-60",  while  with  the 
cross  coincidence  of  graduation  marks,  it  is  increased  to  10". 

In  error  of  aeasureaett  of  the  strain  cf  speciaen/saaple  is 
increased  also  because  cf  the  displacement  cf  the  aero  base, 
connected  with  the  passive  capture  whose  position  is  changed  in  the 


1 
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process  of  loading  and  dating  the  cscillaticn/v ifcrat ions  of  the 
teaperature: 

(1.35) 

where  r - tiae  of  aeasureaent ) T)  - rata  cf  transient  creep. 


fhe  tine  of  aeasureaeqt  depends  on  the  subjective  data  of 
operator  and  varies  over  wide  Units,  r=30-€G  s. 


An  error  of  aeasureaeqt  of  load  depends  on  the  instraaent 
iastraaent  error,  fluctuations  cf  resistance  of  external  power 
circuit,  correct  agreement  cf  the  range  of  measureaent  and  value  of 
load. 

Page  71. 

for  ccaaon  mechanical  tests  a relative  errer  of  aeasareaent  of 
load  does  not  exceed  lo/o  [41],  With  the  increase  of  the  teaperature 
of  tests,  this  value  can  sharply  giaw/rise  as  a result  of  the 
considerable  decrease  of  the  strength  of  the  heated  aaterials.  with 
light  leads  cqe  should  eliainate  the  aechanical  resistance  of 
external  aetering  circuit,  furnishing  ferae  gauge  directly  in  test 
chaaber.  Theraostatically  controlling  force  aeasureaent  and  after 
aatchfng  the  parameters  cf  aeasurirg  circuit  (elastic  cell/eleaent , 
strain  gauge  and  recorder)  with  the  value  -cf  lead,  it  is  possible  to 
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attaia  the  error  of  measurement  whose  values  Mill  qot  exceed  the 
values  of  equipment  error,  i.e.,  ~1-1.5o/o. 


If  dy nanometer  is  located  out  of  test  chanter,  then  total 
systematic  error  AP  (connected  with  fricticr  of  stock/rod,  external 
pressure  op  stock/rod  during  tests  in  vacuun,  etc.)  can  bd  determined 
by  recording  the  resistance  to  notion  of  stcck/rcd  after  the 
decomposition  of  specimcn/saaple. 


Ireaking  load  p is  determined  by  the  fcrmula 


P = PD-iJ>, 


(1.36) 


uhere  PD  - reading  dynamometer .^Knowing  a variation  in  the  readings 
AP  at  different  temperatures,  it  is  possible  tc  determine  a relative 
error  of  measurement  of  lead. 


During  the  determination  cf  yield  point,  the  error  in  load 
measurement  depends  also  on  the  accuracy  ol  the  measurement  of  strain 


and  fgrm  of  the  functioc 
P«/(A/.  T). 


(1.37) 


After  determining  errors  in  the  direat  measurements  of  load  P, 
the  strains  of  specimen/saiple  At,  cf  its  gecsetric  dimensions  before 
and  after  loading  (Ft,  U>\  Fm,  L),  find  errors  the  characteristics  of 
strength  (o„  004)  and  of  plasticity  (6,  t). 
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In  view  of  the  fact  that  these  characteristics  represent  the 
linear  functions  of  several  variables  and  their  direct  aeasureaents 
are  statistically  independent  variables,  tc  tbe  results  of  the 
aeasureaents  indicated  correspond  fcllcwing  valces  of  relative 
roct-aean-equare  errors: 

a)  a relative  error  iq  the  deterainabicn  cf  the  stress: 

K =V1'  + [-^.*2’  rLJ  -F  »T:  • (i-38) 

b)  a relative  error  in  the  deterainaticq  cf  tbe  elongation  per 

unit  length: 

».«('  + -f)VX+<:  0-39) 

c)  a relative  error  in  the  deterainat icn  of  the  transverse 
coqtr Action: 

*♦=(-£ — l)  + (1.40) 

where  6*  - relative  errors  in  the  direct  teasureaents;  II 

P 

relative  error  in  the  determination  of  load,  which  depends  on  the 
fora  pf  the  function  P(df,  I);  tP  - relative  error  for  a strength 
measuring  device  in  the  aeasured  raqge  of  lead?. 

the  giveq  foraulas  aake  it  possible  tc  select  optiaua  procedure 
and  the  corresponding  acaeuring  aeans,  to  raise  the  accuracy  of 
single  aeasureaents  and,  therefore,  to  decrease  the  scatter  of 
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experimental  data. 


However,  the  scatter  cf  the  values  of  the  mechanical  properties 
of  aaterial  in  the  speci meg/sa iple £ being  investigated,  the 
deviations  of  the  parameters  of  the  condit  icns/mcdes  of  testing  and 
error  cf  eeasureeent  cacse  scattering  experimental  results.  Therefore 
it  is  necessary  to  estahlish/icstall,  which  ruifcer  of  experiments  is 
sufficient  for  conducting  the  objective  analysis  of  the  results  of 
mechanical  tests. 


The  number  of  necessary  observations  depends  on  the  selected 
value  cf  confidence  coefficient  a,  of  the  permissible  error  6 and  of 
the  measure  of  tha  variability  of  mechanical  characteristic.  With  a 
small  number  of  observations,  usually  aie  csed  the  distribution  of 
Sjfcudeat  ai\d  the  calculation  of  cumber  cf  expedients  is  performed  on 
the  formula 


(1.41) 


where  S*  - empirical  di £ permioa ; A„>|x— 1»|  - the  upper  limit  of  the 
error  in  determination  of  the  actual  value  of  mechanical 
characteristic  p from  average  selective  x with  the  probability,  not 
less  4;  6=  * - relative  erior  in  the  estimation  of  the  actual 
average  value  of  the  measured  guantity  acoording  to  selected  data. 


J 
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Utilizing  table  of  values  — rr  [42],.  it  i£  easy  to  deteraine 

y n 

value  n with  the  assigned/prescribed  ertor  6 acd  confidence 
cpefficieqt  a (table  9)  . 


Page  73. 

further  processing  of  the  results  cf  ciperiaent  is  reduced  to 
the  deteraination  of  the  cocfidence  liaits  cf  tie  average  value  of 
the  adchanical  charactec istic  which  with  prebability  a connect  the 
actual  value  of  characteristic  p,  i.e. , 

■ (>•«) 

Having  the  eguiprobable  valces  of  function  at  different  ppints,  it  is 
possible  to  establish/install  reliable  correlative  dependences  [43, 

44  ]. 


I 
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Chapter  2. 

ELASTICITY  C HAH ACT ERISTICS. 

General  iqforaation  about  elasticity  characteristics  of  refractory 
netaia. 

At  present  refractory  letals  and  alloys  find  a use  in  essence  in 
the  fgm  of  polycrystals.  Tie  elastic  properties  of  separate  crystal 
depend  cn  crystallographic  crientaticn.  The  pclycrystalline 
aggregates,  which  consist  of  the  disorderly  criented  crystals,  it  is 
accepted  to  consider  elastically  iscticpid. 

The  elastic  behavior  of  isotrcpic  body  characterize  the 
■odule/aodulus  of  elasticity  with  elongaticn  (Yeung's  aodelus)  B, 
■odultr  of  shear  G,  bulk  acdulus  (bulk  aodelus)  K,  Pcisson  ratio  p. 

In  th«  alanentary  foraulaticn  cf  Hooke's  law,  values  E,  Gr  K are  the 
constants  of  proportionality  between  stress  and  tensile  sprain, 
displacement  and  the  cubic  conpression : 
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(2.1) 

t — Or: 

(2.2) 

II 

* 

(2-3) 

Poisson  ratio  p characterizes  a change  in  the  voluae  of  body 
dering  strain.  Elasticity  characteristics  arc  connected  by  the 
re latfcnship/ratios: 


2(t*+  1)  ’ 
£ 

3(1  -»  * 


(2.4) 


(2.5) 


Becently  in  industry  they  begin  tc  aptly  tie  single  Crystals  of 
refractory  netals.  The  perfected  crystal,  being  elastic  are 
anisotropic,  possesses  several  elastic  constants.  For  exaaple,  cubic 
crystals  have  three  elastic  ccfstants.  The  values  of  the  elastic 
acdule/acduli  of  single  crystal  depend  on  direction  and  can  be 
calculated  according  to  the  known  values  of  elastic  constants  [45, 

46  ]. 


The  values  of  the  aodnli  cf  elasticity  characterize  the  strength 
of  interatcaic  coamuniceticr/ccnnecticns  ic  crystal  lattice; 
therefore  is  possible  the  ccrrclation  between  tbea  and  other  physical 
guantities:  heat  of  subliaation,  aelting  point,  enthalpy,  the  energy 
of  the  activation  of  diffusion  and  self-dffiusicq,  rcot-aean-sguare 
deviation  cf  atoas  froa  position  of  eguilibriua,  characteristic 
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temperature,  the  coefficient  of  linear  expansion,  etc. 


Page  15. 


On  this  same  reason  the  value  of  the  mcdulvs  of  elasticity 
depends  on  the  position  of  cell/eleaent  in  pericdic  systen. 


On  Fig.  49  and  50  shewn  periodic  change  cf  the  nodule/nodulus  of 
normal  elasticity  and  shear  modulus  in  dependence  on  the  atomic 
nn.mbeE  of  cell/element  [47].  The  high  values  of  the  moduli  of 
elasticity  have  the  trarsiticn  metals,  especially  those  them  them, 
the  editing  point  of  which  exceeds  25CC°C  (csiium,  rhenium, 
tmngsten).  It  should  be  noted  that  the  confcrmity  between  the  values 
of  the  module/modulus  oi  elasticity  and  melting  point  is  observed  not 
always.  For  example,  maximum  mcdule/modulus  has  not  tungsten, 
highest-melting  cell/element,  but  csmiurn. 


The  value  of  the  mcdule/mcdul*5  of  elasticity  connected  with  the 
strength  of  interatcmic  ccmmunicaticn/ccnnecticns  of  material,  in  the 
case  qt  perfect  crystal  must  serve  as  the  characteristic  pf  its 
strength. 


i 
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Fig.  49.  Change  of  Young's  lodulus  cf  transition  metals  in  dependence 
cn  their  position  in  periodic  sjstea. 

Key:  (1).  Module/m odulus  of  elasticity,  GN/n2  (kg/mm2* 10*1 • (2). 
Group, 

Page  76. 

However,  the  strength  of  the  real  crystals  aucb  lover  than 
theoretical  value,  determined  by  tie  fences  cf  interatomic 
cpimunicaticn/connections,  which  is  explained  ty  presence  in  the 
crystal  of  a large  number  ci  flaw/defects:  dislccaticn,  the 
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boundaries  of  the  grains,  cf  interstitial  atcns,  etc. 

A quantity  of  flaw/defects  is  deteraigsd  tc  a considerable 
extent  by  the  method  of  obtaining,  by  furitj/f i rish  and  the  state  of 
■etal. 

Flaw/defects  have  certain  effect  also  cn  tie  characteristics  of 
elasticity,  so,  foreign  ate  is  chance  tbe  strength  of  interatoaic 
ccaaunication/connecticns  in  the  lattice  of  base  aetal,  which 
produces  change  in  the  value  of  nodule/nodnlus.  Is  possible  at 
present  only  the  approxiiate  estimate  cf  fie  effect  cf  the  dissolved 
atcas  on  the  bending  characteristics  of  base  metal;  therefore 
necessary  information  eg  this  guestion  can  be  obtained  only 
experimentally.  Hill  be  given  belov  sene  data  cn  the  influence  of 
iapurity/admixtures  and  additicn  tc  elasticity  characteristics  of 
tungsten,  nolybdenun,  niobium  and  tantalum* 

The  presence  of  pores  in  naterial  can  considerably  change  its 
elastic  properties.  The  aajerities  cf  articles  nade  of  refractory 
netals  obtain  at  present  by  the  aethods  of  {cvdcr  metallurgy,  they 
have  residual  porosity  cf  apprcxinately  2-3c/o. 
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Fj.g.  50.  Change  of  the  tcdulus  cf  shear  of  trarsition  aetals  in 
dependence  on  their  positicr  in  periodic  systea. 

Key:  |1).  Modulus  of  shear,  GN/i2  (kh/aa* • 1(J •)/.  (2).  Group. 

Page  77. 

Scae  parts  possess  special  properties  cnly  because  of  the 
presence  of  pores  in  the  aaterial,  froa  which  they  are  Bade:  oilless 
beariags,  filters,  etc. 

The  study  of  the  effect  of  porosity  pi  elasticity 
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characteristics  of  aaterials  is  carried  oat  fcy  «any  researchers. 
Theoretically  this  question  for  pure  aetals  studied  Mackenzie  [48], 
Gatto  [51],  H . Yu.  Bal'shin  [49],  aqd  fcr  a polyphase  aixture  - V.  V. 
Skorolhod  [50]. 

flackenzie  proposed  the  following  expression  for  a 

. 

aodule/aod ulus.  the  elasticity  of  the  first  cendcr  of  the  porous 
tpdies 

TJ—  I -I5p-r5£r  + Ap*.  (2-6) 

where  p - porosity;  A - experiaental  constant;  E - aodulus  of 
elasticity  of  porous  body;  E0  - aodulus  of  elasticity  of  Compact 
bcdy;  p - Poisson  ratio  [it  is  asscaed  that  p(p)=const]. 

To  T.  V.  skorokhod  it  proposed  fcraulas  fcr  deteraining  the 
xcdul4  of  elasticity  of  polyphase  systeas: 


where  i= 1,  2,  3 ...  n,  r - a quabex  of  phases. 

Kobal  and  Kingery[53]  experimentally  obtained  the  dependences  of 
elasticity  characteristics  of  oxide  of  alaiirui  on  porosity;  then 
data  Satisfactorily  coincide  with  Eackcczie's  theoretical 
dependences.  The  satisfactory  confcraity  of  experiaental  data  to 


0.  A.  Chekhov  and  I.  I.  Frantsevich  [52]  studied  the  effect  of 
porosity  on  the  sodulus  cf  elasticity  cf  the  sictered  iron.  In  Fig. 

51  are  noted  then  the  data,  and  also  the  results,  obtained  by  HcAdaa 
[55].  Extrapolation  of  the  valves  cf  the  acdulus  of  elasticity  to 
zero  ferosity  gives  the  valce,  approximately  equal  to  the  modulus  of 
elasticity  of  cast  iron.  Data  will  agree  veil  with  HcAdan*s  empirical 
expression: 

-^-=(1  -py,  (2.9) 

■here  a - an  experimental  coefficient. 


I investigated  the  influence  cf  porosity  cn  modulus  of  shear  and 
Fcissqr  ratio  [56]. 

Face  18. 

I 

Experiments  were  run  in  the  specimen/samples  made  of  porous  iron, 
pressed  fren  powder  of  the  aark/brand  AFZkBA  ard  sintered  in  the 
■ediua  of  hydrogen  with  1150°C  for  3 h.  Sizc/di tensions  of  the 
speciaen/samples:  diameter  8 ma  and  length  100  am. 


Ihe  value  of  module/moduli  was  determined  according  to  the 
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measurements  of  the  resonance  frequencies  cf  the  cross  and  torsional 
vibrations.  (This  procedure  is  in  detail  presetted  in  following 
paragraph)  . Findings  are  represented  ip  Fig.  51.  (Each  point  - result 
of  thd  averaging  of  data,  obtained  in  five  specimen/samples) . 

lith  an  increase  in  the  porosity  of  specimen/samples*  the 
Pcissgc  ratio  was  decreased,  moreover  the  character  of  its  change  in 
basic  the  sawe  as  for  the  moduli  of  elasticity  and  shear.  Thus, 
assumptions  [48,  54]  about  equality  the  Poisson  ratio  of  porous  and 
ccupact  material  are  faulty  eges.  Extrapola ticn  cf  findings  to  zero 
porosity  gives  jj~Q.27,  which  corresponds  tc  the  given  in  the 
literature  values  of  Poisson  ratio  for  iron* 

Of  all  external  agencies  the  beating  has  most  powerful  effect  on 
the  value  of  the  moduli  of  elasticity.  With  a temperature  rise,  is 
increased  the  amplitude  of  the  oscillations  cf  atoms  around  position 
cf  equilibrium  and  increase  interatomic  distances.  They  consider  that 
with  the  increase  of  temperature  by  one  degree  of  the  value  of 
module/moduli  they;  are  decreased  by  O.C3o/c  [46].  A change  in  the 
elasticity  characteristics  during  beatieg  cf  fengsten,  molybdenum, 
niobium  and  tantalum  is  stated  in  following  twe  paragraphs. 

luring  the  evaluation  cf  mechanical  effect  on  material,  it  is 

necessary  to  consider  that  expression  ( 2.:  1 ) — ( 2.  3)  is  described  strain 

in  the  approach/approximation  of  ideal  elasticity  (node! -spring) . 


i.wwwiwuaww  tiw 


— 


. 


BOC  * 78133003 


(168  -SK 


Fig.  51.  The  effect  of  porosity  (P)  on  elasticity  characteristics  of 
the  ircn:  1,  5.  6 - their  own  data;  2,  3 - data  [7];  4 - data  [10]. 

Key:  |1).  GN/n*  (kg/nn*«1C*)  • 

Cage  79. 

However,  for  real  solids  even  with  ssall  tecsicDS  the 
characteristically  inelastic  behavior:  [base  lag  of  strain  fron 
stress  (Fig.  52). 

(f  solid  is  strained  under  adiabatic  conditions,  its  tenperature 
slightly  is  changed.  Kith  elongaticn  it  is  reduced,  while  during 
ccnpression  it  grow/rises.  Curing  the  instantaneous 

application/appendix  of  teqsile  stress  •,  the  s pcciaen/sanple  will  be 
elongated  to  certain  valoe  to  (Fig.  53)  anc  will  lower  ibs 
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teapeiature.  At  this  aoaent  its  aodulus  of  elasticity  is  deterained 
by  the  taqgent  of  the  acgle  a of  the  slcpe/inclinaticn  of  strain 
curve  to  the  axle/axis  cf  abscissas  e (see  Fig.  53)  and  is 
unrelSxed,  or  adiabatic  £M.  If  certain  tine  the  speciaen/sanple  again 
cf  signs  asbient  teaperature  will  be  elongated  to  value  AB.  Now  its 


aodulas  of  elasticity  will  be  dete mined  by  the  tapgent  of  angle  0 
and  will  be  relaxed,  or  iscthecaal  Em. 


ICC  =5  78133003 


Fig.  52.  Viee/teeporary  dependences  of  tke  stress  (a)  and  of  strain 
(t>  in  the  case  of  the  inelastic  befcavicr  sclid. 


Fig.  13.  Diagraa  of  thoteal  relaxation. 


Fig.  54.  Hechanical  analog  cf  standard  linear  sclid. 


Fage  8C. 


Ccnnunication/connecticn  between  these  nodule/ncduli  is  defined 
ty  the  expression 
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where  a - a coefficient  cf  linear  expansion;  T - absolute 
teapexature;  p - density;  c,  - specific  heat  capacity  at  constant 
piesssre. 


Her  describing  the  inelastic  behavior  cf  aetals,  frequently  is 
utilised  the  aechanical  analog  cf  the  sc-dalled  standard  linear  solid 
(Fig.  54)  [57].  Stresses  aqd  the  strains  of  this  body  are  connected 
by  the  relationshi p/rat ic 

a + *.*  = Af,(«  + v).  (2.11) 

where  t,-  - a relaxation  tine  of  stress  eadcr  the  condition  of 
constant  strain;  t„  - tise  of  the  increase  of  strain  with  constant 
stress  cf  up  to  value  determined  by  stress  level;  Mp  ~ relaxed 
xcdulns  cf  elasticity. 

Ihe  aodule/aod ulus , which  corresponds  tc  the  conditions  of  the 
absence  of  relaxation,  is  called  urrelaxed  and  is  designated  Afa. 


Value 
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In  the  case  of  repeated  deforiaticn,  the  aodule/nodulus  Mill  be 
unrelaxed  in  such  a case,  when  the  duration  cf  cycle  is  less  than 
relaxation  tine. 


Ecr  the  estahJ.ishaent  cf  ccnnuqication/connecticn  between  the 
stress  and  the  strain  in  the  standard  liqear  body  when  these  values 
periodically  are  changed  jq  tiie,  then  they  present  in  the  fora  of 
the  periodic  functions  cf  tine  and  substitute  in  equation  (2.11). 


Fcr  fluctuations  with  angular  frequency  e 
a (/)=.<*'-',  (2.14) 

After  substitution  (2.14)  into  equation  (2 ill)  ae  have: 

0(1  + *.t,)= +**'.)•  (215T 


Cage  81. 

Frcn  equation  (2.15)  it  fellows  that  between  the  relaxed  and 
unrelAxed  aodule/nodulus  there  is  the  dependence 

m-~  :j::g  — fr*.-  <«•>«> 

After  solving  equaticq  (2.15)  relatively  0,  we  will  obtain 


a 


(2.17) 
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Value 


is  called  the  complex  modulus  cf  elasticity. 


l -f /•* 


(2.18) 


fhs  phase  angle  between  the  stress  ana  the  strain  is  deterained 

by  the  dissipation  of  energy  in  the  process  of  fluctuation. 


The  tangent  of  this  angle  is  equal  to  the  ratio  of  the 
apparent/iaaginary  and  reel  parts  cf  the  cciplex  nod ule/aodulus 


. /(A**) 


+ 3Tt  • 

• • 


Otherwise 


tg?=="¥"TT^- 


(2.19) 


(2.20) 


lv  T=yx«T0,  Af=yAf«Afp. 

They  frequently  consider  that  the  dynaaic  icdulus  determines 
that  part  of  the  strain  which  is  lccated  it  phase  with  stress,  i.e-,: 


Mm=M, 


1+»M 


(2.21) 


(2.22) 


Expressions  for  dytaaic  modules  (2.22)  and  the  tangent  of  the 
phase  angle  between  the  stress  and  strain  (2.20).  are  the  syanetrical 
functions  of  product  The  analysis  of  these  expressions  shows: 


a)  when  u -)  - (higl  frequency)  M.-oM.;  tgq»-*>0; 


b)  when  u Q (low  frequencies) tg<p-*-0; 


c)  with  «r=1  the  dissipation  cf  energy  will  be  aaxiawa: 


P 
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Mm=s  Mm  + M, 

2 

Change  tg  # and  M*  iq  dependence  cn  value  tiv  is  shown  on  Fig. 

55* 


Face  82. 

The  dissipation  of  energy  is  caused  by  different  processes 
within  solid,  each  of  then  possessing  the  picpec  tine  of  relaxation. 
Therefore  the  dissipation  of  energy  of  body  at  separate  frequencies 
reaches  waxiaun  values.  The  dependence  of  the  dissipation  of  energy 
cn  the  frequency  of  the  leading  (relaxatict  spectrum)  of  netals  with 
20°C  [58-60]  is  represented  in  Fig.  56.  Hitt  the  increase  of 
frequency,  becomes  less  the  height  of  peaks  anc,  consequently,  also 
the  relaxation  of  the  modulus  of  elasticity. 
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Fig.  55.  The  dependence  of  scattering  energy  and  the  dynamic  modulus 
cn  the  frequeqcy:  1 - irterial  fricticq;  2 - icdmlus  of  elasticity. 


(i)  Hacmoma 

Fig.  56.  Relaxation  spectrum  of  metals  with  20°C.  Ire  shown  the  range 
cf  the  dissipation  of  energy,  caused:  I - tj  presence  of  the  pairs  of 
atoms  with  different  atcnic  radii;  II  - by  visccus  flow  cn  grain 
boundaries;  III  - by  viscous  flow  in  the  aicrphcus  zcnes,  formed  by 
Elastic  deformation  (bands  cf  slip);  IV  - ly  diffusion  of 
interstitial  atoms;  v - by  cross  thermal  conductivity  with  the  bend 
cf  specimen/sample;  VI  - by  intercrystalline  thermal  condactivity. 


Key:  |1).  frequency. 
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Page  83. 

is  the  example  of  the  temperature  dependence  of  shear  modulus 
Fig.  57  gives  the  curves  G-T  fcr  acne-  and  pcly-  crystal  aluminum, 
obtained  at  frequency  -C.8  Hz  £57],  The  relaxation  of  the  modulus  of 
shear  cf  pclycrystalline  specimen/sample,  cccurring  at  the 
temperatures  higher  than  47C°K  and  reaching  cf  several  ten  percent, 
is  caased  ty  viscous  flew  cc  grain  boundaries. 

The  relaxation  time  of  the  prccesses^  connected  with  the 
displacement/aovement  of  atems,  depends  substantially  on  temperature 
according  to  the  eguaticn: 

, = V*T.  (2.23) 

where  H - an  energy  of  the  activation  cf  this  relaxation  process;  R - 
universal  gas  constant;  1 - absolute  teipercture. 

Kith  the  increase  of  temperature,  the  relaxation  times  are 
decreased  and  the  peaks  cf  relaxation  spectrum  are  misaligned  into 
the  range  of  high  frequencies.  Consequently,  fcr  obtaining  the  values 
cf  the  dynamic  modulus,  close  to  usrelaxed  et  high  temperatures, 
measurement  one  should  ccnduct  at  gore  possible  high  frequencies, 
i.e.,  by  dynamic  method.  Ip  principle  gethed  is  based  on  the 
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velocities  of  propagation  different  wave  nodes  in  solid  ace 
determined  by  the  elastic  properties  of  body  itself.  The  values  of 
the  aqduli  of  elasticitj  it  is  possible  to  calcnlate  according  to  the 
results  of  the  measureaents  of  the  valves,  connected  with  the 
velocity  of  propagation  of  the  elastic  disturbance/perturbation:  the 
tiae  of  its  passage,  frequency,  from  which  is  spread  this 
disturtance/pertur batiot,  ard  by  its  effeot  cn  the  course  of  other 
phene  vena. 


1 


Fig.  57.  The  temperature  dependences  of  shear  scdulus  for 
single-crystal  (1)  and  pclycrystal Jine  (2)  aluairum  (along  the  axis 
cf  ordinates  is  plotted  the  sguare  of  frequency,  which  is 
proportional  to  shear  ncdulus). 

Installations  for  deteraiqing  cf  eJasticity  characteristics. 

For  measuring  the  aoduii  cf  elasticity  cf  refractory  metals  and 
allcyd  by  dynamic  method  at  ncrial  and  high  teaperatures  were 
developed  resonance  type  installat iens  b(P-3#  UE-5,  kJ^-6  [30,  58,  59  ]. 

•esonance  frequency  fp«  is  connected  with  the  natural  frequency 
foot  of  b pecimen/sample  hy  the  dependence 

fpti  “/co«(j  -53-) . (2.24) 

where  6 - a logarithmic  decrement  of  f luct uatic ns. 

Page  89. 
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During  snail  dissipation  cf  energy  la  aatcrials,  for  exaaple 
with  4-10-3,  it  is  possible  to  conft  that  fvm&fto*  with  an  accuracy 
tc  O.QIc/o. 


Free  the  foraula,  which  connects  the  natural  frequency  of 
speciaen/sanple  with  its  gecaetric  disecsicis  a rd  weight,  are 
deterained  the  elasticity  characteristics,  for  detervining  the 
aodulc/aodulus  of  elasticity  E,  are  utilized  lccgitudinal  or 
transverse  vibrations,  while  fer  deteraining  the  aodulus  of  shear  G, 
- torsional. 


ire  giveq  below  the  basic  formulas,  vfcich  connect  bending 
characteristics  with  the  freguency  cf  lcngitudiral,  torsional  and 
flexural  vibrations.  They  are  derived  on  the  assuaption  that  the 
speciaen/saaples  have  a fora  of  stens  with  straight  axle  and  constant 
alcng  the  length  secticf/cut.  Ey  such  is  necessary  satisfaction  of 
condition  X»d,  where  X - wavelength  of  the  exited  in  spec iaen/saaple 
vibration,  and  d - cross  sive/diaersion  of  spec iaen/saaple. 


longitudinal  oscillations.  The  aodulus  of  elasticity  can  be 
deterained  by  the  resonance  freguency  cf  the  first  fern  of  the 
longitudinal  oscillaticcs  of  test  saaple  with  the  aid  of  the 
expression  • 

«*p/ lt,  (2.25) 


(2.25) 
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where  p - aaterial  density  cf  speciaen/saaple;  1-  length  of 
£ peciaen/saa  Fi*;  U - the  resonance  frequency  cf  the  first  fora  of 
lcngitcdinal  oscil 1st lens. 


As  is  known,  during  oscillations  cf  a red  cn  the  first  (basic) 
fora,  is  average  along  tte  length  cf  red  the  secticn/cut 
icticalessly,  i.e.  , it  is  vibration  node.  Ihis  fact  aakes  it  possible 
to  fasten  during  tests  the  lean  section  of  epee iaen/saaple,  leaving 
ijts  ends  free. 


The  frequencies  of  the  highest  feras  cf  the  longitudinal 
cscillations  of  test  saaple  differ  frea  the  frequency  firstly  cf  fora 
into  2,  3,  4,  5 and  so  forth  once,  which  aakes  it  possible  during 
aeasuzeaents  to  differ  the  resonance  frequencies  of  the  longitudinal 
cscillations  of  speciae r/saiple  frea  different  interference. 


Scnetimes  the  test  saaple,  in  which  are  excited  the  oscillations 
of  tasic  fora,  calls  "half-wave",  since  furdaiertal  frequency 

21 

■6=  X/2  . 


Transverse  vibratiens.  The  aodulus  of  elasticity  can  be  also 
deterained  by  the  resonance  frequencies  of  the  various  focas  of  cross 
cscillaticns  of  a rod. 


PAG  i 
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In  the  case  of  the  first  fora 

Emm~¥-{lSSrfm¥'  i?  <2.26* 

where  p - Material  density  of  specinen/waaple;  S - density  of  cross 
section;  I - moment  of  inertia;  1 - leqgth  cf  specimen/saaple;  fm  - 
the  resonance  frequency  of  the  first  fcra  cf  transverse  vibrations. 


For  the  experimental  deterainaticn  of  the  icdulus  of  elasticity 
daring  transverse  vibraliccs  tie  s pecinen/sanple  is  fastened  at  the 
cedes  which  with  the  first  fora  are  located  at  a distance  0.2241  from 
the  ends  of  the  speciaen/saiple. 


. 


Since  the  frequencies  cf  the  highest  ferns  cf  transverse 
vibrations  differ  from  the  frequency  of  the  first  fora  info  2.76;  in 
terns  cf  5.41;  8.94  and  so  forth  once,  sufficiently  simply  to 
deteraine  the  fora  of  the  oscillaticns  cf  specinen/sample  and  it  is 
possible  to  divide  rescnance  frequencies  and  interference*  If 
speciaen/sample  accomplishes  cross  and  torsicnal  vibrations 
si nultaneonsly,  the  given  relationship/rat ic  alsc  can  be  utilized  for 
the  separation  of  the  rescnance  frequencies  cf  the  cross  torsional 
vitratiens. 


Icrsicnal  vibrations.  Shear  acdulus  can  he  determined  by  the 
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tescnance  frequency  of  the  first  fern  cf  the  tcrsional  vibrations: 

0 = 4*74,  (2.27) 

where  p - saterial  density  of  apeciaen/saap le ; t-  length  of 
specisen/sasple;  fK p . - the.  resonance  frequency  cf  the  first  forn  of 
tcrsiqnal  vibrations. 

In  the  case  qf  the  first  fern  of  tcrsicqal  oscillations  of  a rod 
fixed  (junction/unit)  is  its  lean  secticn^  Therefore  for  fastening  of 
specinen/sanple  during  the  sire  suspensions,  ar range/1 ocaped  on  its 
end/faces#  it  is  necessary  to  utilize  a sire  of  minimum  thickness. 
(Otherwise  the  mass  of  lire  can  significantly  influence  the  resonance 
fxeguency. ) 

Ihe  highest  forns  cf  the  rescnance  frequencies  of  tcrsional 
vibrations  differ  fron  the  first  into  5,  i*  H and  5 and  so  forth 
cace. 


Determining  the  ncduli  of  elasticity  at  high  temperatures,  one 
should  consider  a change  in  the  linear  diaersiefs  and  density  of 
speciaen/sanple  during  the  heating: 

/,  = /(l  + o/);  (2.28) 

*-*(!+«*);  . (2.29) 


— “ -= = — - — T 
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vhere  f,  d p - length,  disaster  and  density  of  * peciaen/sa aple  at 
cock  temperature;  /»,  d,,  p,  - the  sane  parameters  at  the  teaperature  of 
testing;  a - coefficient  cf  the  linear  expansion  of  the  aaterial  of 
s peciaen/sa aple. 

Fage  86. 

Taking  into  account  celationship/ratics  (2 .28)  - (2.30)  the  moduli 
of  elasticity  at  high  temperatures  are  detrained  from  the  following 
f ocaulas: 


a)  during  the  longitudinal  oscillation: 

£,  = 4p/7*p(l  + at)-1;  (2.31) 

b)  during  transverse  vibrations: 

E»  — ^t~  ( TT73^"  /-)  ( 1 + ' • (2.32) 

c)  during  the  torsional  vibrations: 

0,  = 4p/75.,(l + «/)-'.  (2.33) 

Brea  the  developed  by  cs  installations  of  resonance  type  most 
perfected  are  6;  it  is  intended  for  measuring  the  aodvle/aodulus 
of  elasticity  and  nodules  of  shear  of  bigh-ielting  aaterials  at  the 
tenperatures  to  2700°C  in  vacuua  0.0133  M/a*  (10"*  aa  Hg)  or  in  inert 
aediua.  Major  advantage  consists  in  the  fact  that  with  the  aid 

of  this  installation  the  acduli  of  elasticity  and  shear  are  aeasured 
is  one  and  the  saae  speciser/saaple j this  takes  it  possible  with  high 
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accuracy  to  calculate  Fcisscn  ratio. 

The  advantage  indicated  is  reached  because  of  the  fact  that  the 
filanents  cf  suspension  trarsier  effort/fpree  tc  cylindrical 
sp eciaen/sanp le  tangentially  (Fig.  58).  The  longitudinal  travel  of 
one  filanent  cause  in  s [eciten/sanple  cross  and  torsional  vibrations, 
and  with  the  aid  of  another  filaieit  is  reali2e/acconplished 
recording  the  resonance  freguencies  of  these  oscillations.  The 
neasureaent  of  the  resonance  frequency  cf  transverse  vibrations  of 
specinen/sanple  makes  it  possible  tc  calculate  the  nod ule/nodulus  of 
elasticity  E,  and  torsicnal  vibrations  - nccul/us  of  shear  G. 
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Pig.  58.  Diagraa  of  the  suspension  of  speainen/sanple  during  the 
deterainat ion  of  Young's  acdulos  aid  displaceaent  during  installation 
up-6. 

Page  87. 

■lock  diagraa  Uf-6  is  sho»n  on  Fig.  5S,  is  represented  belov  the 
technical  characteristic  cf  the  installation: 


(^OCpaseu 

^BostfyflHTejib  KWiefiaRRfi 
/^'TTpMeMHWK  KOJieCaHHft 
(d) HarpesaTenb 

(8)CpaAcraa  HsuepeHHa  TtMnepaTypu 
( f)Pa0o<4afl  AaanaaoM  TewnepaTyp 

(?) C<*« 


_ amxpmeaoift  ciepateHb  aakho* 
a 80—120  mm,  AHaMerpoM  7—8  mm 


^iliua 

(^ribea  osJienpirjfCKHft 
I j)  rijiaCTHHM  H3  AMCTOBOrO  BOJIb(J>paMa 

'■r..  tojiiubhoA  0.3— 0.5  mm 
(f/Tepuonapu  BP5/BP20  h impoMerp 
u)  Ot  KOMaaTHoft  ao  2700°  C 
(mBaayyM  133  mmJm*  (10-*  mm  pt.  ct.) 


^Speciaen/saaple. 

^Jv itraticn  exciter. 
(^Receiver  of  vibrations. 

(-’{heater. 


A _ 
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^Heans  xeasuring  the  ten (stature. 
He  iking  teaperature  range. 

^ Eediua. 


^Cylindrical  rod  80-120  la  in  lcng. 


by 


iezcalectric. 


^Elates  fro«  laainated  tungsten  C.3-C-5 


14 


Thcr ngcouples  BP5/EP20  and  pyrcnetcx. 


rca  rccm  to  2700°C. 


i^Vacuua  1.33  bN/b<  (10"*  kb  Eg). 


diaacter  7-8  a a. 


aa  in  thickness. 


High- teaperature  vacuai  chanbcr  desigr  is  shewn  on  Fig.  60.  It 
ccqsists  of  vertical  plate/slat  and  tha  cylindrical  cap/hood, 

arrange/located  horizontal!]. 
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Fig.  59.  Block-diagram  c£  installation  UP-€:  1 - ammeter  of 
alternating  current;  2 - voltmeter;  3 - transformer  cf  the  type 
CE040J0.5;  4 - switch  of  thermocouples j 5 - electronic  potentiometer 
cf  the  type  EPP-0. 9;  6 - potentiometer  of  tte  type  PP;  7 - vacuum 
gauge  cf  type  tvisted-1;  8 - fixed  current  input;  9 - vaemum  gauge 
lamps}  10  - plate/slab;  11#  18  - vertical  shields;'  12,  17  - wire 
suepemsions;  13  - receiver  cf  vibrations;  14,  *5  - holders  of  exciter 
and  receiver;  16  - vibration  exciter;  19  - xovatle  current  supply;  20 
- test  specimen;  21  - ccntrcl  specimen/samp le;  22,  23,  24  - 
thermocouple;  25  - horizontal  shields;  26  - heater;  27  - packing 
layer}  28,  44  - relay  of  water  pressure;  29  - cap/hocd;  30  - HKU-48; 
31  - master  oscillator;  32  - amplifier;  33  - the  cathode-ray 
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oscilloscope;  34  - single-pcle  switch;  35  - scaler;  36  - heterodyne 
wavemeter;  37  - fore  puap;  38  - vacuui  tap/crane;  39  - vacuum  catch; 
40  - diffusion  puap;  41  - overload  relay;  42  - ammeter;  43  - 
autotransf oraer ; 45  - bipolar  disconnection  switch;  46  - fuse;  47  - 
signal  lamp;  48  - resistance;  49  - ccntactcr;  50  - bunchers 
BOI-25/10. 


Key : 11).  V. 


Pace  88. 


Cap/hgcd  can  be  abstract/reaoved  on  guides  which  provides  free  access 
to  all  internal  asseablies  cf  the  c aaer a/chanter  and  the  light/lung 
exchange  of  speciaen/saaples.  Host  convenient  fcr  manufacture  from 
high-melting  materials  cylindrical  specimen/sa ■ pies  6-8  na  in 
ciaieter  and  80-100  aa  in  lcng  (Fig.  61). 


Test  specimen  is  suspended  during  fine/thin  metallic  filaments 
in  the  working  space  of  heater.  Upper  ends  cf  the  filaments  are 
fastened  to  exciter  and  receiver  cf  the  vifciaticns  which  are 
establish/installed  on  the  water-cccled  stand. 


C' 


Fig.  60.  High-temperature  vacuus  c amer a/cha abe r cf  installation  up-6 
1 - plate/slab;  2 - cap/hccd;  3 - vitraticn  exciter;  4 - receiver  of 
vibrations;  5 - vater-cccled  table;  6 - horizontal  shields;  7 - 
vertical  shields;  8 - spring;  9 - sovatle  current  lead;  10  - holder 
fcr  the  plates  of  heater;  11  - test  specimen;  12  - control 
s jecisen/sample;  13  - tferaccouple  ; 14  - fixed  current  lead. 


Fig.  61.  S pecimen/sampl e fcr  detersining  mcdule/modulus  of  normal 
elasticity  and  shear  modulus. 


Key:  l 1) . Conicity 
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Exciter  and  the  receiver  of  vibrations  are  arranged  equally  (Fig. 

62).  Driver  is  plate  frcm  piezocer  awics . This  plate  is  attached  by 
glass  filament  to  holder.  Ore  c£  tie  cc  rc  1 * sic  r /deri  va  tion  s of  plate 
is  grounded,  and  another  cc rclusion/der iv aticn  approach/fits 
lead/duct  from  the  master  oscillator  or  amplifier.  Holder  at  one  end 
has  a hook  to  which  is  iastenea  tie  filamert,  which  supports 
specimen/sample;  the  opposite  end  of  the  holder  is  soldered  to  tube. 
Ihe  passing  on  tube  water  cools  holder,  preventing  the  superheating 
of  piezoceramic  plate. 

■y  heater  serve  four  tungsten  plates  C.5  ox  in  thickness  which 
with  their  ends  are  fastened  to  the  molybdenum  tips  of  current 
supplies.  Movable  current  supply  during  the  elcrgaticn  of  plates 
during  heating  is  drawn  down  by  spring. 

Heater  is  encircled  by  shields  from  tungsten,  molybdenum  and 
nickel  tin  0.2-0.3rrva  in  thickness.  Horizontal  shields  are  assembled 
cf  the  cylinders,  which  are  located  one  frcn  another  at  a distance  of 
3-U  mm;  vertical  - of  the  flat  sheets.  Fastenings  arc  made  from 
tungsten  and  molybdenum.  Nearest  to  heater  sheets  - tungsten; 
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remaining  - molybdenum  and  rickel. 

The  device  of  horizontal  shields  lakes  it  possible  to  easily 
establish/install  speciuen/sanple,  to  real i ze/accomplish  a delivery 
of  thermocouples  to  control  specimen/sample,  and  to  also  manufacture 
the  measurement  of  the  temperature  cf  s peci nen/sample  with  pyrometer. 

For  determining  the  teiperatuie  of  test  specimen,  are 
establish/installed  three  tungsten-rheqium  thermocouples  of  brand 
EP5/BF20;  their  joints  are  attached  to  middle  and  the  end/faces  of 
the  control  specimen/sa i pie,  arranc e/lccate c urder  test  specimen. 

Curing  the  work  of  the  setting  up  cf  tails  cf  the 
high-temperature  camera/chamber , the  stand,  cn  which  are 
establish/installed  the  exciter  and  the  receiver  of  vibrations,  and 
also  current  supplies,  intensely  axe  ceded  hy  running  water. 
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Fig.  62.  The  device  of  exciter  and  receiver  cf  the  vibrations:  1 - 
plate  from  piezoceraaics;  2 - holder;  3 - xater-cooled  tube;  4 - 
ccnclieicn. 
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Yacuum  in  the  earner a/chamfcer  they  provide  peliainary  pump  VN-2 
and  vacuum  assembly  VA-5-4.  Feed  is  realize/accc mplished  from  the 
industrial  net  of  alteriating  current  by  vcltage  220  V through 
gauging  (ROT-25/10)  and  step-down  (OSU4G/Q.5)  transformers. 

During  the  operation  cf  installation,  it  was  noticed  that  during 
heating  of  specimen/sample  to  the  temperature,  exceeding  1700°C,  for 
achievement  by  vhich  was  necessary  ccnsideratle  current,  the  circular 
parts  of  current  supplies  (nut,  disk,  etc.)  are  heated  by  eddy 
currents,  and  they  also  occur  cf  focusing/induction  high  freguency 
current  to  lead/ducts  from  receiver  to  amplifier.  For  purpose  of 
eliminating  these  undesirable  phencnena  was  developed  the  diagram  of 
the  feed  of  heater  direct  current  (Fig.  63). 

By  the  source  of  direct  current  serves  motor  generator  AD 


5000/2500  30  kW  power.  Output  potential  its  smoothly  is  regulated 
from  0 to  6 (or  12)  V with  the  aid  of  two  cleostats,  connected  in  the 
circuit  of  the  windings  cf  excitaticn.  Ihe  ccnditions/mode  of  heating 


DOC  = 78133004 


PIG  E X 


m 


is  controlled  by  the  voltaeter  and  the  kilcaaneter,  connected  in  the 
target/purpose  of  heater. 

l 

For  the  modulus  of  elasticity  daring  installation  o-p->—6>- apply 
so-called  "short"  test  samples  joj.  By  calculation  according  to 

fornula  (2.32),  which  dees  ret  consider  shift/shear  and  the  rotation 
of  the  cell/eleaents  of  red,  it  is  not  possible  to  obtain  a precise 
value  of  aodule/aodulus.  There  are  analytical  aethods  the  account  of 
shift/shear  and  turn  [60];  however,  they  require  complex 
confutations. 
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Fig.  €3.  The  diagram  of  heating  speciaen/saiple  by  direct  current  in 

Uf-tr'. 

installations  -op-6-8-  1 - 220  V,  50  Hz  (froa  net)  ; 2 - heater. 

Page  91. 

therefore  during  installation  UP- 1 [60]  preliminarily  for  each 
speciaen/sanple  was  deteriined  nodule/mcdulis  according  to  the 
resonance  frequency  of  longitudinal  oscillaticas  at  normal 
temperature,  obtaining  precise  values  cf  acdule/aodulus.  Then  for 
installation  up- 6 was  measured  the  resonance  frequency  of  transverse 
vibrations  of  speciaen/saaple  and  was  again  desiqned  the  value  of 
module/aod ulus.  A difference  in  the  obtained  values  was  utilized  as 
constant  correction  to  the  values  cf  the  ncdulaz  of  elasticity, 
measured  at  high  temperatures. 


k 
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Elasticity  characteristics  of  tungsten,  nc lytic  dub  and  their  alloys 
in  the  range  of  temperatures  cf  2C-2700°C. 

Tungsten.  In  the  literature  acst  frequently  is  given  the  value 
cf  the  aodulus  of  elasticity  of  tungsten  at  ncrial  temperature, 
published  in  1948.  by  Kester[61],  i.e.,  40.7  H/a2  (4.15x10*  kg/ma2)  . 
This  value  was  obtained  by  measuring  the  rescnance  frequency  of 
transverse  vibrations  of  s peciaen/saaples.  Ihe  modulus  of  elasticity 
of  ceriet  tungsten,  determined  by  a similar  method  by  n.  G.  Lozinskiy 
[82],  render/showed  equal  tc  386  H/a2  (3.94*10*  kg/aa2).  Other 
researchers'  najorities,  which  conducted  aeasureaents  in  the 
speciaen/saaples  of  ceriet  tungsten  cf  different  porosity,  were 
obtained  the  values  of  the  modulus  of  noraal  elasticity  from  344  H/m2 

(3.50*10*  kgf/mm2)  to  412  H/m2  (4.20*10*  kg/aa2). 

9e  carried  out  the  aeasureaents  of  the  modulus  of  elasticity  of 
ceraet  tungsten  of  the  lark/brand  cf  VBN  of  the  production  cf  Moscow 
electric  bulb  plant  (decsity  18.8  g/ca3  [63]).  Specimen/sa aples  were 
prepared  frea  rods  8 ma  in  diameter  by  machining  external  surface  on 
grinding  machine  with  the  subsequent  facing.  Elastic  modulus  at  roon 
temperature  render /showe d egual  to  386  E/a2  (3.55*10*  kg/aa2). 
Extrapolation  of  the  values  of  mod ule/acdu les  to  the  zero  porosity  of 
dates  value,  the  close  cf  4(7  H/a2  (4.15*10*  kg/aa2). 
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The  modulus  of  elasticity  was  determined  also  for  the 
specinen/saaples  of  poured  tungsten  [25,  64,  65].  (By  melting  in 
vacuus  arc  furnace  with  the  consumable  electrode  2 kg/h  in  velocity 
were  pbtained  ingots  80  ms  in  diameter  which  were  heated  to 
14C0-1600°C  and  they  strained  with  the  degree  of  reduction  60-85o/o 
and  they  annealed  in  vacuus).  Specisen/sasples  were  prepared  by 
machining  on  lathe  and  ty  the  subsequent  grinding  by  the  emery  paper. 
The  chemical  coapositior  cf  the  specisen/saiples  of  tungsten  was 
following:  0.035o/o  C;  C.006o/c  S;  0.0C2o/c  P;  0.002o/o  Cu;  O.O60/0 
Bo;  0.02-0.05o/o  Hb;  0. C13-0.0 17o/c  C2;  0. CC2-0.004o/o  H*  (were  shown 
percentages  throughout  >ass). 

The  value  of  the  ncdulus  cf  elasticity,  calculated  in  the 
resonance  frequencies  of  specimen/samples,  proved  to  be  equal  to  40“ 
H/s*  (4. 12«104  kg/ ns2) . 

Jn  the  literature  there  is  much  lesser  than  the  information 
about  the  measurement  of  the  ncdulus  of  shear  of  tungsten.  On  the 
data  of  Kester  [61  ],  its  value  with  norwal  temperature  is  equal  to 
148  H/m*  (1.51*1 0%  kg/mi*).  In  the  later  works  cf  value,  are  close 
this  [66]. 


Eage  92. 
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On  data  our  aeasureaen ts,  the  aodulus  cf  shear  of  ceraet 
tupgsten  of  the  aark/brand  cf  VBH  with  noraal  teaperature  is  equal  to 
145  H/a2  ( 1. 48*10*  kg/aa2) , and  for  the  poured  tungsten  160  H/a2 
(1. 63*10*  kg/aa2).  Kester  gives  for  tungsten  the  value  of  Poisson 
ratio,  equal  to  0.30.  This  value  is  shewn  in  [66],  although,  being  it 
is  calculated  on  the  aoduli  of  elasticity,  the  determined  by  Kester 
Pcisson  ratio  of  tungsten  is  prcved  to  te  egual  to  0.37. 

On  aeasureaent  data  by  A.  B.  Lyashchenko,  for  tungsten  p=0. 31. 

The  value  of  Poisscn  ratio,  calculated  by  us  in  the  values  of 
■odule/aoduli  for  ceraet  tungsten  cf  the  aark/brand  of  VRN,  is  equal 
to  0.34,  and  for  poured  - 0.28.  The  value  cf  the  aodule/aoduli  of 
pulled  tungsten  wire  depends  tc  a considerable  extent  on  the  degree 
of  reduction  and  teaperature  of  annealing  [3,  67],  The  aodulus  of 
elasticity  vary  within  the  range  of  147  H/a2  (1.50*10*  kg/aa2)  to  372 
H/a2  (3.80*10*  kg/aa2),  while  shear  aoduLus  - within  liaits  froa  137 
H/a2  (1.40*10*  kg/aa2)  to  177  H/a2  (1.80*10*  kg/aa2). 

Wright  [3]  is  in  detail  studied  the  elastic  properties  of 
single-crystal  tungsten  wire  0.9  aa  in  diaaeter.  It  established  that 
the  crystals  of  tungsten  are  almost  completely  clastic  isotropic 
cqes,  differences  in  the  elastic  properties  cf  crystals  are  very 
insignificant  (less  than  0.2o/c).  On  Wright's  data,  the  aodulus  of 
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elasticity  of  the  single-crystal  tungsten  Hire  equal  to  386  H/a2 
(3.94*  10*  kg/aa2),  and  lodulus  of  shear  - 150  E/a2  (1.53*10*  kg/aa2) . 

Chalaers  [68]  gives  the  identical  values  cf  the  aodulus  of 
elasticity  of  the  single  crystals  cf  tucgsten  fcr  directions  [111] 
aqd  [100],  equal  to  388  H/b2  (3.96*10*  kg/aa2),  and  shear  aodulus, 
equal  to  150  H/a2  (1.53*10*  kg/aa2),  and  is  aade  the  conclusion  that 
tungsten  of  elastic  is  isotropic. 

By  T.  A.  DReshpak  during  installation  OP- 6 were  deternined 
elasticity  characteristics  cf  the  single  crystal  of  tungsten  in  test 
saaple  7 an  in  dianeter  and  73  an  in  lcng  with  rcoa  teaperature. 

Single  crystal  was  aechanically  machined  cn  plain  grinding 
■achine  and  polished  by  diaiond  disk.  Fcr  reacval/taking  peening  from 
the  surface  of  test  saaple  was  removed  layer  0.1  aa  via  chemical 
etching  in  the  3o/o  solution  of  peroxide  of  hydrogen  with  the  small 
addition  of  ammonia. 

The  longitudinal  axis  cf  s pecimen/saaple,  as  it  was 
establish/installed  froi  the  Laue  diffracticn  patterns,  removed  in 
aolybdenua  emission/radiaticn,  composed  the  angle  of  1 6 deg.  with 
direction  [100].  The  aodulus  of  noraal  elasticity  of  the  single 
crystal  of  tungsten  proved  to  be  equal  to  390  H/a2  (3.98*10*  kg/am2)  , 
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The  calculated  in  the  values  of  the  moduli  cf  elasticity  Poisson 
ratio  composed  0.24. 

The  modulus  of  norial  elasticity  of  tungsten  at  elevated 
temperatures  aeasured  with  the  resonance  Method  cf  Kester  - to  800°C 
[61],  H.  G.  Lozinskiy  - to  1200°C  [62],  Braun  and  Armstrong  [69]  - to 
2400°C  by  S.  Impul'sn  by  the  method  of  the  value  of  nodule/modulus 
for  tungsten  were  determined  by  Bernstein  tc  1200°C  [70],  but  Lowry 
and  Gonas  - to  800°C  [71].  The  values  cf  the  modulus  of  normal 
elasticity  of  tungsten,  obtained  by  different  researchers  coincide 
well  in  all  studied  temperature  range  (Fig.  64).  Exception  are  only 
the  results  of  work  [63],  in  which  even  for  normal  temperature  is 
obtained  the  value  of  the  modulus  cf  normal  elasticity  of  tungsten 
more  cfchan  50.0  H/n2  (5.  1«104  kg/mm2). 

Jn  our  work  were  carried  cut*  the  high-temperature  measurements 

of  the  aodulus  of  normal  elasticity  of  the  cermet  and  poured 

( 

tungsten.  Results  are  represented  on  Fig.  64  and  fable  10. 


PAGE 

- 158  H/m*  (1.£1«10«  kg/mm2). 
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Fig.  64.  Dependence  of  the  nodulus  of  nornal  elasticity  of  tungsten 
cn  temperature.  Poured  tie  tungsten:  1 - [61];  2 - [70];  3 - [71];  4 
- [65];  5 - [25],  The  ceraet  tungsten:  6 - [64];  7 - [62];  8 - [63]. 

Key:  (A).  E,  H/n*  (kg/aa**1C*)  . 


tenperature.  Poured  the  tungsten:  1 - [70]; 
[72].  The  cernet  tungsten:  5 - [63]. 


of  tungsten  on 
2 - [71];  3 - [65]; 


4 - 


Key:  (A).  G,  H/n*  (kg/aaz.lO*)  . 


Fage  94 


DOC  = 78133004 


PAGE 


\Yl* 


From  the  data  obtained,  it  follows  that  the  difference  between 
the  values  of  the  moduli  for  cast  and  cermet  tungsten  which  exists 
at  normal  temperature  is  also  retained  at  high  temperatures.  At 
the  same  time,  the  nature  of  the  temperature  dependence  of  the 
tungsten  modulus  does  not  depend  on  the  method  of  obtaining  the 
metal.  With  an  increase  in  temperature  to  1500-1600°  (which  is 
0,5  rM).  The  modulus  of  normal  elasticity  of  tungsten  is  reduced 
first  slowly  and  then  more  intensively.  At  high  temperatures, 
tungsten  retains  a high  modulus  value;  thus,  at  2200°C  modulus 


E=255  iX/m2 
temperature . 


4 2 

(2.6*10  kg/mm  ),  i.e.,  higher  than  for  steel  at  room 


The  shear  modulus  of  tungsten  changes  with  an  increase  in 
temperature  similar  to  the  modulus  of  normal  elasticity  (Fig.  65, 
Table  10). 


1 
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Table  10.  Dependence  of  tungsten  elasticity  characteristics  on 
temperature . 
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m 

rmM' 

(icr/MM'-icr*) 

'Sfa.  Mm/m * 
Ur/jn^.io"4) 

20 

388 

(3,95) 

145 

(1,48) 

0,34 

404 

(4.12) 

160 

(1.63) 

0,26 

100 

385 

(3,93) 

143 

0.46) 

0,34 

400 

(4,08) 

159 

(1.62) 

0,26 

200 

380 

(3,88) 

141 

(1.44) 

0,34 

396 

(4,04) 

157 

(1.60) 

0,26 

300 

376 

(3,84) 

139 

(1.42) 

0,35 

393 

(4,01) 

155 

(1,58) 

0,27 

400 

372 

(3,80) 

137 

(1,40) 

0,35 

389 

(3.97) 

154 

(1.57) 

0,26 

500 

368 

(3,75) 

135 

(1.38) 

0,35 

385 

(3,93) 

152 

(1.55) 

0,27 

600 

363 

(3,70) 

133 

(1.36) 

0,35 

381 

(3,89) 

150 

(1.53) 

0,27 

700 

349 

(3,66) 

132 

(1.35) 

0,35 

377 

(3.85) 

148 

(1,51) 

0,27 

800 

354 

(3,61) 

131 

(1.34) 

0,34 

374 

(3,82) 

146 

(1,49) 

0,28 

900 

350 

(3,57) 

129 

(1.32) 

0,35 

370 

(3,78) 

145 

(1,48) 

0,28 

1000 

345 

(3,52) 

127 

(1.30) 

0,35 

367 

(3,74) 

143 

(1,46) 

0,28 

1100 

341 

(3,48) 

125 

(1.28) 

0,35 

363 

(3,70) 

141 

(1,44) 

0,28 

1200 

336 

(3,43) 

123 

(1.26) 

0,36 

360 

(3,67) 

139 

11.42) 

0,29 

1300 

331 

(3,38) 

122 

(1,24) 

0,36 

355 

(3,62) 

137 

(1.40) 

0,29 

1400 

325 

(3,32) 

120 

(1.22) 

0,36 

350 

(3,57) 

135 

(1,38) 

0,29 

1500 

314 

(3,23) 

117 

(1.20) 

0,34 

344 

(3,51) 

133 

(1.36) 

0,29 

1600 

306 

(3,12) 

— 

335 

(3,42) 

130 

(1.33) 

0,28 

1700 

295 

(3,01) 

— 

— 

328 

(3,35) 

127 

(1,30) 

0,28  • 

1800 

u284 

(2,90) 

— 

— 

321 

(3,28) 

124 

(1.27) 

0,29 

1900 

274 

(2,80) 

— 

— 

314 

(3,20) 

122 

(1.24) 

0,29 

2000 

265 

(2,70) 

— 

— 

306 

(3,12) 

119 

(1.21) 

0,29 

2100 

255 

(2.60) 

— 

— 

298 

(3,04) 

116 

0.18) 

0,29 

2200 

245 

(2,50) 

— 

— 

290 

(2,96) 

112 

0.14) 

0,29 

2300 

— 

— 

283 

(2,89) 

110 

(U2) 

0,29 

2400 

— 

— 

— 

275 

(2,81) 

107 

(1,09) 

0,29 

2500 

— 

— 

— 

268 

(2,74) 

104 

0.06) 

0,29 

2600 

— 

— 

— 

260 

(2.66) 

101 

(1.03) 

0,29 

2700 

— 

— 

— 

253 

(2.58 

— 

— 

Key:  (1).  Temperature,  °C. 
molybdenum.  (3).  Elasticity 
cathode-ray  remelting.  (4). 
(kg/mm2- 10~4) . 


(2).  Elasticity  characteristics 
characteristics  of  molybdenum  of 
E,  (kg/mm2 • 10-4 ) . (5).  G, 


of  cermet 
MN/m2 
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The  calculation  of  the  Foisscn  ratio  of  tungsten  in  the  values 
cf  module/moduli  shows  that  p barely  is  changed  with  the  increase  of 
temperature.  Its  values  for  the  wide  temperature  range  are  given  in 
Table  10. 

hll  the  examined  results  cf  measuring  the  moduli  of  elasticity 
of  tungsten  at  high  temperatures  were  obtained  fcr  polycrystalline 
specimen/samples,  v.  creehpak  dtring  installation  UP-6  they 
determined  the  moduli  of  elasticity  at  high  temperatures  also  for  the 
specimen/sample  of  single-crystal  tungsten.  (Ihe  same  specimen/sample 
which  was  used  for  meascrements  at  ncrnal  temperature)  . The  obtained 
by  it  values  of  the  moduli  .cf  normal  elasticity  and  shear  of  the 
single  crystal  of  tungsten  are  represented  cn  Fig.  66. 

Comparison  Figs.  64-66  shows  that  the  temperature  dependences  of 
the  moduli  of  elasticity  cf  single  crystal  and  pclycrystal  of 
tungsten  somewhat  are  d isti rguished.  The  mcdule/moduli  of  single 
crystal  in  all  interval  of  temperatures  of  heating  are  decreased  more 
evenly  and  it  is  less  intense,  that  in  the  case  cf  polycrystal. 


20 

323 

(3,28) 

121 

(1.24) 

0,32 

322 

(3.28) 

119 

(1,21) 

0,35 

100 

315 

(3.22) 

120 

(1.22) 

0,31  . 

318 

(3.24) 

118 

(1.20) 

0,35 

200 

311 

(3,17) 

118 

(1,20) 

0,32 

314 

(3,20) 

116 

(1.18) 

0,35 

300 

306 

(3,12) 

116 

(1,18) 

0,32 

310 

(3,18) 

114 

(J,16) 

0,36 

400 

300 

(3,06) 

114 

(1,16) 

0,31 

306 

(3.12) 

112 

(1.14) 

0,36 

294 

(3,00) 

112 

(1.14) 

0,31 

301 

(3,01) 

111 

(1.13) 

0,36 

600 

290 

(2,95) 

110 

(1.12) 

0,31 

297 

(3.03) 

110 

(1.12) 

0,35 

700 

282 

(2,88) 

107 

(1,09) 

0,32 

292 

(2,98) 

108 

(1.10) 

0,35 

w.  <>■ 

276 

(2.82) 

105 

(1,07) 

0,31 

288 

(2.91) 

106 

(1,08) 

0,36 

M i B 

270 

(2,76) 

103 

(1.05) 

0,31 

284 

(2,90) 

105 

(1.07) 

0,35 

1000 

265 

(2,71) 

103 

(1,03) 

0,31 

280 

(2,86) 

103 

(1.05) 

0,36 

1100 

258 

(2,64) 

98 

(1,00) 

0,32 

275 

(2,81) 

101 

(1,03) 

0,36 

1200 

254 

(2,59) 

96 

(0,98) 

0,32 

268 

(2,74) 

99 

0.01) 

0,36 

1300 

248 

(2.53) 

94 

(0,96) 

0,31 

263 

(2,68) 

96 

(0,98) 

0,36 

1400 

237 

(2.47) 

92 

(0,94) 

0,28 

255 

(2,60) 

94 

(0,96) 

0,35 

1500 

222 

(2.27) 

— 

. 

247 

(2,52) 

91 

(0,93) 

0,35 

1600 

208 

(2.12) 

— 

— 

— 

238 

(2.43) 

89 

(0,91) 

0,33 

1700 

193 

(1,97) 

— 

— 

— 

231 

(2,36) 

87 

(0.88) 

0,34 

1800 

177 

(1,81) 

— 

— 

222 

(2,21) 

82 

(0,84) 

0,35 

1900 

163 

(1,66) 

— 

— 

216 

(2.20) 

79 

(0.81) 

0,36 

— 

— 

— 

208 

(2.12) 

75 

(0,77) 

0,38 

2100 

— 

— 

— 

— 

200 

(2,04) 

— - 

— 

— 

— 

— 

— 

— 

192 

(1.96) 

— 

— 

— 

2300 

— 

— 

— 

— 

Efl 

184 

(».»> 

— 

— 

— 

Key:  (1).  Temperature,  °C,  (2).  Elasticity  characteristics  of  cermet 
molybdenum.  (3).  Elasticity  characteristics  of  molybdenum  of 
cathode-ray  remelting.  (U)  . , H/m*  (kg/m **  • 10  *)  . 


Eage  96. 


Por  describing  the  temperature  dependences  of  the  moduli  of 


elasticity  of  pure  metals,  mere  proposed  different  empirical 


1 7 


■ere  [67]  proposed  the 
mcdule/moduli  for  the 

(2.34) 

(2.35) 


Eg,  G g - values  of  mcdnle/mcduli  with  C°K. 

Eu  Gt—  the  sai€f  with  t=T°K. 

The  carried  out  by  us  computations  shoved  that  only  the 
expression  for  modulus  cf  shear  G (2.35)  provides  satisfactory 
coincidence  with  experimental  data  at  lew  tempe ratures.  Por  the 
values  of  module/modulus  E,  good  coincidence  cf  calculation  data  with 
experimental  ones  gives  the  expressicn 

£,-£t(^r-f‘.  p-36* 

Molybdenum,  as  tungsten,  possesses  the  high  values  of  the  moduli 
of  elasticity.  On  the  data  cf  Kester  [61],  module/modulus  E of 
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expressions.  For  example,  Hayes  into  1923 
formulas  of  the  temperature  dependence  cf 
monocrystalline  tungsten  wires: 


0,-o.^r. 


where  — the  melting  pcint,  °K. 
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molybdenum  with  room  temperature  is  equal  to  329  UW7m  (3.36x10 

O 

kg/mm  ).  The  values  of  the  modulus  of  normal  elasticity  of 
molybdenum,  obtained  by  other  researchers,  are  within  the  limits  from 
310  j&N7m2  (3.16-104  kg/mm2)  to  333  MN/m2  (3.3x10^  kg/mm2)  [1;  3;  61; 
62;  64]. 

IrL.work  [1]  given  for  the  metalloceramic  molybdenum  is  the  value 

fr  p ii  2 

E=312  ON/m  (3.18*10  kg/mm  ),  and  for  the  poured  molybdenum  - 


12  Jm. 

317  (Wm2  (3. 23*  10**  kg/mm2).  The  authors  of  work  [72]  also  consider 
this  value  reliable. 


Fig.  66.  Dependences  of  Young's  nodnlns  and  ncdulus  cf  shear  of  the 

single  crystal  of  tungsten  cn  temperature. 


Fey:  (A).  ,H/n*  (kg/an2  • 10' ) . 


Eage  97. 


«e  carried  out  the  neasurenent  of  the  modulus  of  nornal 
elasticity  of  the  nolybeenum  of  the  nark/brand  cf  UBS  of  the 
production  of  (loscom  electric  fculb  plant  (density  10.2  g/cn3)  . The 
specinen/sanples,  manufactured  from  rods  8 ■■  in  dianeter  via 
nachining  cn  lathe,  annealing  mere  not  subjected.  Heasurenents  at 


m J mmmmmmmmmmmmmmmmrn 
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normal  temperature  showed  that  B»322  H/m2  (3.28*10*  kg/a a2) . The 
modulus  of  normal  elasticity  of  the  poured  molybdenum,  on  V.  A. 
Creshpak* s data  [65],  is  also  equal  to  322  H/m2  (3.28*10*  kg/ma2) 


In  the  literature  corrected  values  of  the  modulus  of  shear  of 
molybdenum  from  120  H/m*  (1.23*10*  kg/mm2).  to  124  H/m2  (1.27*10* 
kg/mm*)  [72-74].  For  the  molybdenum  of  the  mark/brand  of  HFN  on  data 
cf  our  measurements  G=122  H/m2  (1.24*10*  kg/m2)  , while  for  the 
poured  molybdenum  on  V.  A.  Dreshpak's  data  G=119  H/m2  (1.21*10* 
kg/mm2) . 


In  the  literature  are  given  tke  following  values  of  the  Poisson 
ratio  of  the  molybdenum:  p=0.3  1 [6  1]  and  p=C.32  V [ 73  ].  The  calculated 
by  us  in  the  values  of  module/modu li  value  j.  for  the  molybdenum  of 
the  mark/brand  of  HRN  is  equal  to  C.32,  and  for  the  poured  molybdenum 
- 0-35. 


All  corrected  values  of  characteristics  of  the  elasticity  of 
molybdenum  are  determined  for  specimen/samples  in  the  form  of  rods. 
For  a polycrystalline  mclykdencm  wire  0.5- 1.0  mm  in  diameter  were 
obtained  values  E=250-292  H/m2  (2.  5 6*  1 0*-2.S 8*  1 C*  kg/mm2)  and  E=325 
fl/m2  (3.32*10*  kg/mm2);  for  a single-crystal  wire  0.04  1 mm  in 
diameter  value  E=135-15G  H/m2  ( 1.3  8*  10*-1.  53*  1 0*  kg/mm2),  while  for  a 
single-crystal  wire  0.0365  mm  in  diameter  - 179  H/m2  (1.83*10* 
kg/mm2)  [3]. 
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On  the  data  C.  C.  cf  Aleksandrov  and  T.  ¥.  Byzhovoy  [ 74 ],  the 
modules  of  normal  elasticity  cf  the  single  crystal  of  molybdenum  in 
direction  [111]  is  equal  tc  294  H/x2  ( 3 • 1 0 ♦ kg/m2#  in  the  direction 
[110]  cf  313  H/m2  (3.2*10*  kg/wm2) # in  directicn  [100]  of  347  H/m2 
(3.54*10*  kg/mm2). 

V.  A.  Dreshpak  determined  elasticity  characteristics  of  the 
single  crystal  of  molybdenum  for  a test  sample  6 in  in  diameter  90  na 
in  long.  The  manufacture  cf  speciaen/saiple  Bade  of  the  groan  single 
crystal  of  iiolybdenu*  ard  the  definition  of  its  orientation  was 
aanufactured  in  the  saae  aay  as  in  the  case  cf  speciaen/saaple  made 
of  the  single  crystal  of  tungsten.  As  cheaical  etchant  was  used  "aqua 
regia".  The  longitudinal  axis  cf  s pecimen/samp 1 e composed  the  angle 
cf  2-6  deg.  with  direction  £111].  Hodule/mcdulws  E of  this 
specimen/sample  at  normal  temperatcre  proved  to  be  equal  to  285  H/m2 
(2-91*10*  kg/mm2) , shear  modulus  - 104  R/m2  (1.C6*10*  kg/mn2) . 

Tou  obtained  the  dependences  cf  the  mcdulns  of  normal  elasticity 
for  the  cermet  and  poured  molybdenum  from  temperature  they  were 
represented  on  Pig.  67  and  in  7able  11. 

Our  data  coincide  sufficiently  well  with  the  results  of  other 
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investigations,  carried  out  by  rescnance  aethod,  whereas  the 
■easureaents  by  pulse  aethod  give  sonewhat  different  results  in 
high-teapexature  range. 

Page  98. 

I I 

In  the  character  of  the  teaperature  dependence  of  the  aodulus  of 
ncraal  elasticity  of  aolybdenua,  auch  in  ccaaca  with  analogous 
dependence  for  tungsten.  In  all  racge  of  teaperature  the 
aodule/nodulus  of  the  poured  aolybdenua  is  higher  than  for  ceraet, 
although  a difference  ic  their  values  is  saall.  Afterward  by  1300°C 
(-0-5  7u)t  an  incidence/dxop  in  aodule/acdulus  E of  aolybdenua  with 
teaperature  is  accelerated. 

On  Pig.  68  (see  also  Table  14)  is  represented  the  teaperature 
dependence  of  the  aodults  cf  shear  of  aolybdenua,  constructed 
according  to  the  data  of  different  researchers  and  according  to  the 
results  of  our  aeasureaents.  Character  of  the  obtained  dependence  the 
saae  as  for  the  teaperature  dependence  cf  the  acdule/aodulos  of 
noraal  elasticity.  The  values  cf  the  aodulus  of  shear  of  aolybdenua 
with  high  teaperatures,  deterained  by  pulse  aethod  f 75 ],  just  as  in 
the  case  of  aodule/nodulus  E,  they  differ  frca  the  values,  obtained 
by  resonance  aethod. 
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according  to  the  carried  out  by  us  calculation,  the  Poisson 
ratio  p barely  is  changed  in  all  investigated  temperature  range.  The 
aoduli  of  elasticity  at  high  teapecatures  in  speciaen/sanple  aade  of 
the  single  crystal  of  aclybdenua  were  aeasured  A.  Dreshpat. 
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Pig.  67.  Dependence  of  loung'a  lodulus  cf  molybdenum  on  temperature. 
Poured  the  molybdenum:  1 - [61];  2 - [62];  3 - [75];  4 - [65];  5 - 
[64];  6 - [ 1 ].  The  cermet  molybdenum:  7 - [30];  8 - [ 1 ]. 


Key:  (A).  E,  H/m*  (kg/nm*«1C*)- 


tut  r.r 


i*  rata J i I 1 I 1 1 

't  r*  m m m mo  m tut  r.v 

Pig.  68.  Dependence  of  the  modulus  of  shear  of  molybdenum  on 
temperature.  Poured  the  molybdenum:  1 - [65];  2 - [75];  3 - [4];  4 - 
[ 1 ].  The  cermet  molybderun:  5 - [ 1 ];  6 - [ 30  ]. 


Key:  (A).  G,  H/a*  (kg/mm*«10*) . 
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Has  used  the  speci men/saaple,  in  which  were  measured  the  elasticity 
characteristics  at  noraal  teaperature.  Heasrreaent  data  of  the 
aodule/aod uli  of  the  single  crystal  of  aolytdenua  with  different 
teaperatures  are  represented  on  Pig.  69.  Teiperature  dependences  E 
and  G have  auch  in  coaacn  with  the  appropriate  dependences  for  a 
single  crystal  tungsten.  The  aoduli  of  noraal  elasticity  and  shear  in 
the  case  of  the  single  crystal  cf  iclybdenua  are  decreased 
approxiaately  with  identical  intensity  in  all  investigated 
teaperature  interval.  The  intensity  of  a reduction  in  the  values  of 
the  aodule/aoduli  of  the  single  crystal  of  iclybdenua  is  less  than 
for  a polycrystal.  For  iclybdenua  this  difference  in  the  intensities 
is  greater  than  for  tungsten,  what,  apparently,  is  the  consequence  of 
the  higher  anisotropy  of  the  elasticity  of  iclybdenua. 

Por  the  temperature  dependence  of  the  aodulus  of  noraal 
elasticity  of  the  pclycrystalline  iclybdenua  Tcuni  [4]  it  proposed 
the  following  expression: 

£,  = £0(1 -*(7* -273)1,  (2.37) 

where  T - temperature  °K. 

£#—  value  of  module/acdulus  with  0°K. 


k - eapirical  coefficient  (k=  0.0001-0  .C002  ). 
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Equation  (2.37)  describes  well  experimental  dependence  only  on 
the  first  section  curved,  i.e.,  to  1300°C.  As  in  the  case  of 
tungsten,  the  teaperatute  dependences  of  the  acdule/aodu li  of 


iclybdenua  better  describe  expressions  cf  type  (2.34)  and  (2.35): 


£<  = £0(r,y  r p,  (2.38) 

°'=Oo(I*fcL)*m-  (239) 


where  Tn—  the  aelting  pcint,  °K. 


Pig.  69.  Dependences  of  louag'a  aodulus  end  aodulus  cf  shear  of  the 
single  crystal  of  aolybdenoi  cr  teiperature. 

Key:  (A).  , H/a*  (kg/aa**  10*)  • 
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Alloys  of  tungsten  and  molybdenum.  The  characteristics  of 
elasticity  of  the  tungsten-mcly bdenum  alloys  of  the  vacuus  electric 
arc  melting  of  different  composition  have  investigated  we  together 
with  V.  A.  Dreshpak  in  the  range  of  temperatures  of  20-2700°C.  Ingots 
cf  these  alloys  were  plastically  deformed  at  high  temperatures. 

Elasticity  characteristics  (average  values  for  2-3 
specimen/samples)  of  all  investigated  tungsten-molybdenum  alloys  at 
normal  temperature  are  given  in  7able  12.  Iren  these  data  it  follows 
that  the  values  of  mod ule/mcdu li  E and  G fcr  each  alloy  are 
proportional  to  the  content  of  tungsten.  The  linear  dependence  of  the 
moduli  of  elasticity  on  the  composition  of  tungsten-molybdenum  alloys 
(Big.  70)  is  explained  by  the  fact  that  the  parameters  of  crystal 
lattices  of  components  are  distinguished  altogether  only  to  0.57o/o, 
and  therefore  tungsten  and  molybdenum  fcrm  the  continuous  number  of 
solid  solutions. 


The  temperature  dependences  of  the  modulus  cf  normal  elasticity 
for  the  alloys  of  different  compositicn  are  represented  on  Pig.  71, 
and  shear  modulus  - on  Pig.  72,  Hith  the  increase  of  temperature,  the 
moduli  of  normal  elasticity  of  all  alloys  ate  decreased  first  slowly 
(approximately  to  0.5  Tua),  and  then  are  faster.  In  the  curves  of 


the  temperature  dependence  cf  shear  modulus,  the  change  of  rate  of 
reduction  in  the  value  cf  acdule/acdulus  is  less  noticeably  than  in 


1 
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the  carves  E-T. 

Sere  deterained  also  elasticity  characteristics  of  tungsten 
fusion  with  rheniua  in  interval  of  20-2700°C.  At  rooa  temperature  for 
tungsten  fusion  from  27c/o  (thrcughout  nass)  of  Be  E=403  H/a2 
(4.11*10*  kg/ma2)  , G=154  H/m2  (1.57*10*  kg/aa2) r and  the  calculated 
in  these  two  values  Poisscn  ratio  is  equal  to  C.30. 

;1 
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Dependences  of  aodule/mcduli  cn  the  composition  of 


tungsten-nclybdenua  alleys 


H/n*  (kg/aa*«10*) . (E).  (at.) 


Fig.  71.  The  dependence  cf  loung's  aodulas  of  t ungsten-aolybdenua 


i+39. 5o/o  Ho;  4 - H*39o/c  Ho;  5 - S*79.fo/c  Ho 
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The  temperature  dependences  of  the  moduli  of  elasticity  of  alloy 
i-27o/o  Re  are  represented  cn  fig.  73.  Prct  this  figure  it  is  evident 
that  a change  in  the  aodule/aoduli  with  the  increase  of  teaperature 
occurs  just  as  in  the  case  cf  pure  tungsten;  hovever,  with  larger 
intensity.  The  latter,  it  is  picbatle,  is  caused  by  the  effect  of  the 
rheniua  whose  aodule/aoduli  are  decreased  dtrinc  heating  auch  faster, 
than  the  aodule/aoduli  cf  tungsten. 

The  curves  of  the  teaperature  dependences  cf  noraal  elasticity 
and  displacement  of  tungsten,  adybdenua  and  tfceir  alloys  which  were 
measured  by  dynamic  rescnance  nethcd,  have  identical  character.  In 
all  cases  is  observed  the  bend  with  0.5  Tm <*.  Since  the  law  governing 
a change  in  the  moduli  cf  elasticity  is  observed  for  the  majority  of 
other  aetals,  if  measurements  were  carried  cut  by  dynamic  resonance 
■ethod  [ 61  ]. 


- 
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Table  12.  Elasticity  characteristic*  of  tungste E-molybdenum  alloys. 


(!) 

COCTM  CaiMM,  % (IT.) 

^ £.  r«/jr* 
(•t/juimo-4) 

O.  /■«/,* 

(*r/,ji».io~4) 

W 

404  (4,12) 

160  (1,63) 

0,26 

W - 52®/o  Mo 

401  (4,09) 

157  (1,61) 

0,27 

W — 20,8°/0  Mo 

389  (3,97) 

152  (1,55) 

0,28 

W—  39,5o/o  Mo 

374  (3,82) 

147  (1,50) 

0,27 

W - 50,  )•/<,  Mo 

364  (3,72) 

142  (1,45) 

0,28 

W-60,1  «/0  Mo 

350  (3,57) 

139  (1,42) 

0,26 

W-79,5 •/,  Mo 

339  (3,46) 

123  (1,28) 

0,35 

Mo 

322  (3,28) 

119  (1,21) 

0,35 

— 

Key:  (1).  Composition  of  alloys,  o/c  (at.).  (2).  H/m2 

(kg/ma2*  10 ♦ ) . 


5-d  -b 


Pig,  72.  The  dependence  of  the  lodulus  of  shear  of 

tungsten-molybdenum  alleys  cn  the  temperature:  1 - W*5.2o/o  Ho;  2 - 
W*  20. 8o/o  Bo;  3 - i + 39.Eo/o  Ho;  4 - B+5C. Ic/c  Re;  5 - H>79.5o/o  Ho. 


Key:  (A).  G,  H/m2  (kg/m«2 • 10*)  . 

Page  102. 
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The  bends  on  of  the  curved  temperature  dependences  of 
module/moduli  can  correspond  tc  course  in  tte  material  of  relaxation 
processes.  In  this  case  during  neasurenents  cn  higher  frequency,  nust 
be  obtained  the  higher  values  cf  ncdule/nod t li , since  the  effect  of 
relaxation  processes  with  the  increase  cf  frequency  nust  be 
decreased. 

Por  the  illustraticn  of  the  effect  of  frequency  indicated  let  us 
ccnpare  the  temperature  dependence  of  the  ncdule/nod uli  of  the  nornal 
elasticity  of  molybdenum,  obtained  by  us  ic  a resonance  manner  (fs,5 
kHz),  with  curved  E-T  for  the  same  metal  [62],  cbtained  by  pulse 
method  (fs5  MHz) . Both  these  dependences  are  represented  on  Fig.  74. 
Curve,  obtained  at  the  more  high  frequency  cf  testing,  does  not  have 
a bend  in  the  range  of  temperatures  0.5  Taa,  although  its  character 
also  is  curvilinear. 


Consequently,  it  can  be  assumed  that  tte  bends  when  <*0.5 
on  of  the  curved  temperature  dependences  of  the  module/noduli, 
obtained  by  resonance  method  for  tungsten,  mclybdenum  and  their 
alloys,  are  connected  with  the  course  cf  relaxation  processes  at 
these  temperatures.  Apparently,  in  these  processes  actively 
participate  grain  boundaries,  since  cn  the  curved  temperature 
dependences  of  the  module/mcduli  of  the  single  crystals  of  tungsten 
and  molybdenum  such  bends  are  not  observed. 
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Fig.  73.  Dependence  of  the  nodal!  cf  elasticity  of  tungsten-rhenium 


alloy  cn  temperature 


Fig.  74.  The  dependence  at  Young's  aodulus  cf  molybdenum  on  the 


temperature:  1 - pulse  method  of  measurement;  2 - resonance  method 


Characteristics  of  elasticity  cf  tantalum,  niobium,  alloys  on  the 
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basis  of  niobiua  and  a change  in  tbea  in  dependence  cn  temperature. 

Tantalua.  There  is  only  several  works  in  which  are  given  the 
results  of  the  aeasureaents  of  characteristics  of  the  elasticity  of 
tantalua.  At  noraal  temperatures  for  tantalua,  are  obtained  values 
E=  175—187  H/a2  (1. 78* 1 0«- 1. 91 • 10*  kg/ma2)  [61,  76],  G=68.5  H/a2 
(0.7»104  kg/ma2)  [66]  and  ps0.35  [66].  As  concerns  the  teaperature 
dependences  of  elasticity  characteristics,  then  are  only  aeasureaent 
data  of  the  aodule/aodu lus  cf  noraal  elasticity  to  1370°C. 

You  determined  the  characteristics  of  elasticity  with  higher 
teaperatures  for  coaaercially  pure  tantalua  cf  vacuua-arc  aelting  in 
speciaen/saaples  8 aa  in  diameter  and  SC  aa  in  long. 

At  noraal  teaperature  the  modulus  of  ncraal  elasticity  of 
tantalua  render/showed  equal  to  176  H/a2  (1.79«104  kg/ma2),  shear 
aodulus  - 705  H/a2  (0.72»104  kg/aa2) , and  Pcisscn  ratio  - 0.24. 
Heasureaents  with  high  teaperatures  were  ccnductn  in  vacuum  with 
p<6.65-66.5  NlH/a2  (5*10-**10“4  aa  Hg)  . The  ettained  temperature 
dependences  of  elasticity  characteristics  cf  tantalua  are  given  to 
Fig.  75  and  in  Table  13. 
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Table  13.  Elasticity  characteristics  of  tantalus  with  high 

tespecatures. 


(0 

Te  ratptrypi',  ®C 


(*)  B,  r»lM' 


(1.79) 

(1,76) 

(1.74) 

(1.72) 

(1.70) 

(1.68) 

(1.67) 

(1.65) 

(1.64) 

(1.63) 

(1.61) 

(1.60) 

(1.69) 

(1,58) 

(1.56) 

(1.55) 


0.51) 


70.5  (0,72) 

69.5  (0,71) 

68.5  (0,70) 

68.5  (0,70) 

67.5  (0,69) 

66.5  (0,68) 

65.5  (0,67) 

65.5  (0,67) 

64.5  (0,66) 

64.5  (0,66) 

63.5  (0,65) 

63.5  (0,65) 
62,7  (0,64) 

62.7  (0,64) 

61.8  (0,63) 

61.8  (0,63) 

60.8  (0,62) 
60,8  (0,62) 
59.8  (0,61) 


Key:  (1).  Temperature,  °C.  (2).  J H/m*  (kg/w«2«10  ♦) 


Page  104, 


On  Fig.  76,  are  represented  also  the  temperature  dependences  of 
the  nodulus  of  normal  elasticity  of  tantalus,  obtained  in  other 
works. 


The  considerable  difference  between  the  values  of  the 


sodule/mod uli,  measured  by  different  researchers,  is  explained  by 
different  degree  of  the  contamination  cf  tantalum  by 
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iapurity/adaixtures,  anc  also  a difference  in  the  Methods  of  its 
obtaining.  As  early  as  1955  aeasureaents  at  nocaal  teaperature  [76, 
77]  establish/installed  the  considerable  effect  of  oxygen  on  the 
aodulus  of  noraal  elasticity  of  tantalus:  with  C.lo/c  (at.)  of  02 
aodule/aodulus  E=176  H/b2  (1.79*10«  kg/aa2),  and  with  the  increase  of 
oxygen  content  to  2.5o/c  (at.)  the  value  of  acd nle/mcdulus  was 
increased  to  E=196  H/a2  (2.0*10«  kg/aa2)  (Fig.  76). 

Ve  deterained  the  aodulus  of  elasticity  cf  tantalum  with  high 

teaperatures  for  the  speciaen/saaples  which  preliainarily  subjected 

to  to  diffusion  saturation  by  oxygen  as  follows.  All  speciaen/saaples 
* 

were  heated  in  air  to  220°C,  cne  of  the  batches  were  age/held  at  this 
teaperature  for  5 h,  and  ancther  batch  - fer  10  h,  after  which  was 
conducted  the  annealing  of  all  speciaen/saaples  in  vacuus  with  1200°c 
for  1 h. 


1 
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Pig.  75.  The  temperature  dependences  of  characteristics  of  the 
elasticity  of  tantalua.  Ycung*s  nodulus:  1 - cn  data  [ 76  ];  2 - on 
data  [61];  3 - on  data  [65];  4 - their  own  data.  Shear  modulus:  5 - 
their  own  data.  Poisson  ratio:  6 - their  our  data. 

Key:  (A).  Er  G,  H/n*  (kg/naa«10*) . 


it  of  cxygen. 


Yeung ' s 


nodulus  cf  tantalum  on  the  content  in 


Key:  (A).  E,  H/n*  (kg/n***1C«) 


(B) 


(at.) 


DOC  * 78133004 


PAGE  -M- 


1 


9^0 


Page  105. 


On  Pig.  77,  are  represented  the  teapersture  dependences  of  the 
■odulus  of  noraal  elasticity  of  tantalua,  passed  diffusion  saturation 
by  oxygen.  In  all  investigated  range  of  teaperatures  of  the  value  of 
aodule/aod ulus,  they  prove  to  be  theaselves  abcve  for  the 
speciaen/saaples  vhich  contain  a larger  quantity  of  oxygen. 


Miobiua.  Are  observed  considerable  disagr eeaent s as  results  of 
aeasureaents  of  the  aecbacical  properties  ct  niobium  [21,  72,  76, 
78-85].  Disagreeaents  are  characteristic  net  crly  for  the 
structurally  dependent  properties,  such  as  apparitor  of  strength,  but 
alsc  for  structurally  independent  properties,  vhich  include  the 
acduli  of  elasticity.  It  T^hie  14  are  given  the  literature 

data  on  elasticity  characteristics  of  niobiua  at  noraal  teaperature 
for  different  purity/finish  and  the  state  cf  aetal,  measured  by 
different  methods. 


The  values  of  aodu le/acdulus  E for  niebiu*  oscillate  from  85 
H/a*  (8.7«103  kg/aa2)  tc  157  H/a2  |1.6«10*  kg/ai2)  . It  was 
establish/installed  [21]  that  the  guenching  increases  the  modulus  of 
noraal  elasticity  of  niebiua.  For  the  deforced  and  recrystallized 
niobium  E=108  H/m2  (1.1 -lO*  kg/ma2) , vhile  for  hardened/teapered 
E=  123  H/m2  (1.26«104  kg/aa2).  It  is  reveal/cetc cted  [76]  that  the  1 
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value  of  the  aodulus  of  elasticity  of  niobiua  depends  also  on  the 
aediun,  in  which  are  corductn  the  aeasureaerts.  In  air  was  obtained 
value  E=  10  7 H/m2  ( 1 - 09 • 10 • kg/aaz) , in  lacuua  E=123  H/n2  (1.26»104 
kg/aa«) . 

J determined  the  aodulus  cf  ncraal  elasticity  of  the  coapact  and 
porous  (P=10o/o)  ceraet  nickiua,  which  contained  the  following 
iapurity/adaixtures:  0.25o/c  Ta,  0.1«o/o  C,  to  0.09o/o  Si  and  0.02o/o 
Fe.  Measurements  were  ccnductn  in  the  ncnannealed  spec iaen/saa pies. 

On  data  our  measurements,  for  the  coapact  oiobiua  F=103  H/m2 
( 1 . G5« 10*  kg/an2) , and  for  porous  E=7e5  H/a2  (0.8*104  kg/aa2).  For 
the  niobiua  of  cathode-ray  reneltirg,  the  acdulus  of  normal 
elasticity  is  equal  to  10  H/a*  (1.C5«104  kg/aa2). 


Fig.  77.  The  affect  of  saturation  by  oiygan  on  temperature 
dependences  of  Toung's  icdulus  cf  tantalum:  1 - diffusion  saturation 
fcy  oxygen,  10  h;  2 - the  sane,  5 h;  3 - ccaiercially  pure  tantalum. 


Key:  (A).  E,  H/a2  (kg/aa2«104) 
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Table  14.  Characteristics  ol  elasticity  of  ciobiua  with  nornal 


temperature. 


(*'  (i) 

Him  >w«rn»  nptntracrn  E,  rmlm' 

ynpyrocTH  Ur/MM'-KT*) 


(*) 

Abtop 


— ZlimaMHqecKHA  pe30H8RCHbifl  157  (1,60)  58,8  0,35  B Keciep  (61]  1948 

(6,00) 

'D  (f)  . (<,) 

OroxcmeH  b saxyyMe  b Te-  /iHHaMHHecKHft  HMnyjibCHuA  104  (1,06)  37,4  0,38  M.  PeftHo-rib/ic  [79]  1953 

ReHHe  I * npH  1100°C  (3,82) 


0°)  i O') 

99,95%;  oToxacefi  npw  OraTHiecKRA 

1300°  C 


85  (0,87) 


(j$>  (/i) 

99,9%;  otohumh  npx  flxHaMHqecxHA  (b  BaxyyMe)  122  (1,25) 
U00°C 


AHHaMHtieCKHA  (Ha  B03Ayxc)  112  (1,15) 


Ox ) 

K Tottji  [80] 


(/t) 

P.  BerjiH  * 


Gj 

AHHaMHleCKHA  peSOHaHCHblfi 


41,5 

(4.24) 


0x) 

A.  H JlaiuKOBCKHfl,  1960 

E.  A.  CaBHWHA  [83] 
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7*6/«  /V 


0t) 

■CD 

Oi) 

Mo*wpounul 

flimaMmecuft  pmomkiwI 

1«  (1,10) 

— 

M.  T.  /IoshhckhA, 

(2o) 

(ju) 

[ 

T.  B.  3axapoBa  [21] 

PeKpHCTUMIHSOBaHHUA 

Tot  me 

106  (1,20) 

* 

~ 

(l*) 

" 

<V) 

3aK*^eHHhiA;  99,9% 

»»  M 

122  (1,25) 

— 

— 

« 

JX.  JlaBepTH, 

(xi) 

1x4) 

E.  3b€hc  [76] 

Otovxm  npM  1250*  C 

CTaTNiecKMA 

112  (1,15) 

(U) 

— 

— 

110  (1,02) 

— 

— 

<t>  OcrepMaM  [84] 

99,4% 

G) 

ARHaMmecKiiA  MMiryRbcHbiA 

104  (1,06) 

3,72 

0.398 

(21) 

H.  M.  Heaioxa, 

CD 

(3,80) 

B T.  MepHuA  [85] 

614) 

_ 

ZlHHaMHMeCKdA  peSOMHCKuA 

106  (1,10) 

— 

— 

H.  Jl  TapacoB, 

* 

P.  A.  yabBHoa  [86] 

■ 4 

Tot  ace 

106  (1,10) 

— 

— 

(&) 

A.  B.  TlatuewKO  [64] 

, 

— . 

M tl 

92  (0.94) 

— 

— 

tl.  ApMcxpoHr, 

T.  Bpayn  [87] 

f3J) 

(3i~) 

Oroxaceii  ■ anroHe 

M M 

110  (1,12) 

— 

B.  A.  Apemnaic  [651 

K«):  (1)-  Parity/finish  and  the  state  cf  aetal.  (2).  Method  of 


aeasuring  elasticity  characteristics.  (3).  , E/a*  (kg/ma2«10  ♦)  . 

(4).  Author.  (5).  Tear.  (6) . Dynaaic  resonance.  (6a).  V.  Kester.  (7) 
It  is  annealed  in  vacuui  in  cccrse  1 h at  1100°C.  (8).  Dynamic  pulse 
(9).  H.  Reynolds.  (10).  it  is  annealed  with.  (11).  Static.  (12).  K. 
Tottl.  (13).  Dynaaic  (in  vacuua)  . (14).  The  sane.  (15).  Dynamic  (in 

air).  (16).  R.  Begley1. 


1961 

1961 

1962 

1965 

1965 

1965 

1965 

1967 


rt 
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FOOTNOTE  *.  R T Begley.  Weight  and  Development  Center  Techn.  Rept. 
SADC-TB-57.  344.  March  1959,  part  II,  p 192.  E KDFOOTNOTE. 

(17).  A.  I.  Dashkovskiy,  Ye.  A.  Savitskiy.  (18).  Deferred.  (19).  M. 
G.  Lozinskiy,  g.  V.  zaxacova.  (20).  Fecrystallized.  (21).  The  same. 
(22).  Harden/tempered.  (23).  It  is  annealed  at  1250°C.  (24).  Static. 
(25).  D.  Laverti,  E.  Evens.  (26).  F.  Osterman.  (27).  I.  M.  Nedyukha, 
V.  g.  fclack/ferrous.  (28).  N.  E.  Tarasov,  r.  a.  Olianov.  (29).  A.  B. 
Lyashchenko.  (30).  P.  Aimsticng,  g.  Braun.  (3  1).  It  is  annealed  in 
aegon.  (32).  V.  A.  Drestpak. 
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The  data  on  the  modulus  of  shear  of  niobium  it  is  considerably 
less  than  about  the  modulus  of  normal  elasticity.  However,  among 
corrected  values  there  are^noticeable  disagreements  - from  38  £>N/m2 
(3. 88* 10^  kg/mm2  to  58.8  prf/m2  (0.6*10^  kg/mm2)  and  even  to  86.5 
ffff/m2  (8.8-10^  kg/mm2  [1,  89].  At  such  values  of  shear  modulus  for 
niobium,  is  not  fulfilled  the  known  relationship/ratio  between  E,  G 

and  n which  it  is  correct  for  an  isotropic  material,  on  data  oar 
measurements,  for  the  ccmpact  niobium  G=38.2  H/m2  (3.9*103  kg/mm2). 


Large  disagreements  are  ctserved  in  tie  case  of  niobium  also  for 
the  values  of  Poisson  ratio.  Per  ccmpact  niobium,  according  to  our 
calculation,  on  measurenent  data  of  module/mcduli,  p=0.35. 
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On  Fig.  78  and  7able  15  gives  the  obtained  by  us  temperature 
dependences  of  the  module/mcduli  of  compact  niobium  and  niobium  of 
electric  arc  remelting  (tc  1600°C) , V.  A.  Breshpak's  data  [65]  for 
the  niobium  of  cathode-ray  reaelting  (tc  2200°C),  and  also  the 
temperature  dependences  of  the  modulus  cf  normal  elasticity  of 
niobium,  obtained  by  other  researchers.  Although  almost  all 
temperature  dependences  cf  module/ modulus,  obtained  by  different 
authors,  differ  from  each  ether,  it  is  possible  to  note  that  for  a 
majority  of  them  a characteristically  very  small  change  of  the 
module/modulus  in  the  range  of  temperatures  frem  room  to  1200°C. 
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Tig.  78.  Dependence  of  the  Moduli  cf  elasticity  of  niobiua  on 
temperature.  Young’s  modulus:  1 - [87];  2 - nictius  deformed  [21];  3 
- niobiua  recrystallized  [21];  4 - niobiua  harden/tempered  [21];  5 - 
niobium  compact  [30];  6 - nictiua  porous  [3C];  7 - niobiua  of 
electric  arc  reaelting;  8 - niobiua  of  cathcde-ray  reaelting;  9 - 
[64];  10  - [86];  11  - [64];  12  - testing  in  vacuum  [76];  13  - testing 
in  air  [76].  Shear  modulus:  14  - niobiua  compact  [30];  15  - niobium 

FOEOUS. 

Key:  (1).  £,  G,  H/m*  (kg/mm2«1  0*)  . 

Page  109. 

In  this  temperature  interval  the  modulus  of  normal  elasticity  of 
niobium  not  only  is  not  decreased  as  for  the  aajority  of  metals,  but 
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soaetines  even  somewhat  grow/rises.  Higher  than  1200°C,  according  to 
data  our  research  and  the  results,  obtained  4.  A.  Dreshpak, 
nodule/aodulus  is  begun  slowly  tc  be  decreased. 

Measurements  in  conpact  s peci men/sanp les  also 
establish/installed  that  the  nodules  of  shear  of  niobiun  during 
heating  is  changed  analogously  with  the  nodule/nodulus  of  the 
elasticity  (see  Fig.  78) . 


Relative  to  cause  cf  this  peculiar  change  in  the  nodule/moduli 
cf  niobiun  with  the  increase  of  temperature  are  at  present  several 
points  of  view.  In  work  [21]  is  assumed  that  similar  behavior  of 
niobiun  can  be  caused  by  the  presence  in  it  cf  interstitial 
inpurities  (nainly,  oxycen)  . This  assunpticn  ccnfirn  saybolt's  data 
[90]  on  a considerable  increase  of  the  solubility  of  oxygen  in 
niobiun  in  solid  state  with  the  increase  of  tenperature. 


V 
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Table  15.  Dependence  of  elasticity  characteristics  of  niobium  on 


temperature. 


Key:  (1).  Temperature,  °C.  (2).  Elasticity  characteristics  of  compact 

niobium.  (3).  Modu le/mcdu lus  of  elasticity  f cf  niobium  of  electric 
arc  remelting.  (4).  t H/m2  (kg/mm2«1C«)  . 


Eage  110. 


With  the  increase  of  the  modulus  of  elasticity  with  the  increase  of 
the  content  of  oxygen  in  the  analog  of  niobium  - tantalum  - testify 


>( 
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experinental  data  works  [77],  presented  in  Fig.  76. 


The  character  of  a change  in  the  nodules  cf  elasticity  of 
nicbion  daring  heating  Arnstrcng  and  Braun  [E7]  explained,  on  the 
basis  of  the  results,  obtained  in  single-crystal  specinen/sanples.  It 
was  establish/installed  that  the  tenperature  dependences  of  the 
nodules  of  nornal  elasticity  of  the  single  crystals  whose 
longitudinal  axis  coincides  with  direction  [100],  f undanentally 
different,  than  for  speciaen/saaples  with  tie  lcngitudinal  axes, 
which  coincide  with  directions  [110]  and  [111]  (Pig.  79). 


Per  speciaen/saaples  with  orientation  [100]  with  the  increase  of 
tenperature  the  nodule/xodulus  is  decreased,  while  for  orientations 
[110]  and  [111]  it  grow/rises.  The  sane  researchers  established  that 
for  the  polycrystalline  recrystallized  niobiua  with  the  preferred 
orientation  of  grains  [110]  the  character  cf  the  tenperature 
dependence  of  the  nodule/aodulus  very  nearly  the  sane  as  for  a single 
crystal  with  axle/axis  [110]  (Fig.  80).  On  the  basis  of  findings  in 
work  [87]  the  conclusior  is  aade  that  the  character  cf  the 
tenperature  dependence  cf  the  nodulus  of  elasticity  of  niobiun  is 
explained  by  the  considerable  elastic  arisctropy  of  its  crystals. 


A.  B.  Lyashchenko  * it  assuned  that  the  reason  for  the  unusual 
behavior  of  the  nodulus  cf  elasticity  cf  nicbiui  during  heating  is 
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the  special  structure  of  the  electron  shells  cf  this  aetal. 


FOOTNOTE  *.  A.  B.  Lyashchenko.  Author's  abstract  of  candidate 
dissertation.  IPH  of  AS  UkSSB,  Kiev,  1965.  ENDF COTNOTE. 


Since  those  given  in  the  literature  of  the  value  of  the  Modulus 
of  elasticity  of  polycrystalline  niobiui  at  ncraal  and  high 
teaperatures  were  obtained  in  speciaen/saaples  vith  different 
structure  and  the  not  ccntrclled/icspected  ccapcsition,  1 undertook 
the  atteapt  to  estimate  the  effect  of  structure  and  interstitial 
iapurity  content  (oxygen,  nitrccen,  carbon)  cn  aodule/aodnlus  of 
elasticity  niobiua  over  a vide  ranee  of  tea  per atures. 
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Fig.  80. 


Fig.  79.  The  teaperature  dependences  of  Young's  aodulus  of  the  single 


crystals  of  niobiua. 


Key:  (1).  Young's  aodulcs  H/a2  (kg/aa2 • 10* ) . 
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Fig.  80.  The  teiperature  dependence  of  Young's  xodulus  of 
polycrystalline  nicbiu*  with  preferred  orientation  [111]  (is  curved 
1).  and  the  single  crystal  of  the  saie  orientation  (curve  2). 

Key:  (1).  Young's  nodules,  H/m*  (kg/n2«104)  . 

Eage  111. 


Is  initial  laterial  in  all  our  investigations,  was  utilized  the 
niobiui  of  dual  electron- bean  aelting.  For  explaining  the  effect  of 
structure  on  the  aodulus  cf  elasticity,  were  nade  the 
speciien/saiples  made  of  forged  rods  (degree  of  strain  95o/o)  and  the 
relied  in  one  direction  band  (degree  of  strain  65o/o). 

The  licrostructure  of  these  speciien/saiples  is  shown  on  Fig. 

81,  and  the  results  of  their  tests  - for  Fig.  82.  To  600°C  aodulus  of 
elasticity  of  specinen/saiples  cf  both  of  tjpes  barely  is  changed,  at 
the  higher  teiperatures  in  the  case  cf  forged  specinen/saiples,  the 
■odule/nodulus  is  reduced,  tut  in  the  case  cf  relied  - it  is 
increased. 

The  teiperature  dependence  of  the  aodulus  cf  elasticity  of  the 
rolled  niobiui  is  siiilar  tc  dependence  for  a single  crystal  with 
axle/axis  [110],  obtained  by  Anstrcng  and  Eraon.  The  reason  for  this 


I 
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resenblance  consists  in  the  fact  that  the  preferred  orientation  of 
the  structure  of  the  relied  nicbiui  is  close  tc  direction  [110]. 

Sene  specimen/samples,  Manufactured  fees  the  rolled  band,  were 
subjected  to  recrystallizaticn  annealing  (1  h with  1200°C).  The 
temperature  dependences  cf  module/nodulus  fer  these  speciaen/sanples 
differed  little  from  analogous  dependences  for  the  nenannealed 
specinen/sanples.  The  analysis  of  micrcstr ccture  showed  that  in  the 
annealed  specinen/sanples  there  are  sections  cf  defornation  banding; 
analogous  banding  1 they  noted  earlier. 


FOCTHOTE  *.  R T Begley.  HIDC-TR-57 .344.  March  1959,  part  II,  p 192. 
ERDFOOTNOTE. 

The  effect  of  nitrogen  and  oxygen  on  the  nodule/nodulus  of 
elasticity  of  niobiun  was  studied  for  the  speciien/sanples, 
manufactured  fron  rod.  For  obtaining  different  degrees  of  saturation 
by  oxygen  these  specinen/sanples  either  annealed  in  vacuun  6.65  sn/nz 
(5«10~*  nn  Hg)  at  1150°C  for  1 h (first  batch),  or  they  oxidized  in 
air  for  3 h with  600°C  with  the  water  quenching  and  the  subsequent 
annealing  in  vacuun  with  1150-1200°C  for  3 h (third  batch). 

The  tenperature  dependences  of  the  nodulus  of  elasticity  of  the 
specinen/sanples  of  all  three  batches  are  represented  on  Fig.  83.  The 
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■ore  it  is  contained  oxygen  and  nitcogen  in  nicfciua,  the  sore 
noticeable  descends  the  aodule/aod ulus  Kith  the  increase  of 
teapexature  to  300-400°C  and  the  acre  intense  it  is  increased  with 
further  increase  of  teaperature. 


The  effect  of  carbcn  cn  the  acdulus  of  noraal  elasticity  of 
niobiua  they  investigated  for  the  first  tiae  Kester  and  Rausher  in 
1948  [92].  They  showed  that  an  increase  in  the  carbon  content  in 
niobiua  leads  to  an  inctease  of  the  aodulus  cf  elasticity.  In  work 
[21]  it  is  eaphasized  that  the  dependence  cf  Kester  and  Rausher 
should  consider  good-quality,  since  their  niebiua  was,  apparently, 
insufficient  pure  ones. 
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before  annealing;  d)  bard  after  anrealing;  e)  alloy  Nb-O.lo/oC. 

Page  114. 

Mere  obtained  the  temperature  dependences  of  the  aodulus  of 
elasticity  of  the  niobium,  containing  O.lo/c  C (Fig.  84). 

Carbon  inserted  via  the  blending  cf  the  reielted  molding/bars  by 
carbide  of  titanium.  Mith  cathcde-ray  remeltinc  titanium  burned  to 
the  thousanths  of  percentage.  Ingot  mere  hamnered  in  air  mith  1000°C 
to  rod  12  mm  in  diameter  mith  the  degree  of  strain  95o/o.  The 
specimen/samples,  manufactured  frcm  this  red,  eiperience/tested  in 
the  work-hardened  and  rccrystallized  states.  The  microstructure  of 
the  recrystallized  specimen/sample  is  shown  cn  Fig.  81. 

As  it  follows  from  findings,  carbon  increases  the  module/modulus 
of  the  elasticity  of  nicbiui  it  the  range  cf  temperatures  from  room 
to  1000,  1000<»C. 

Further  increase  of  the  temperature  in  the  case  of  the  niobium, 
saturated  by  carbon,  causes  a sharper  incidence/drop  in  the 
module/modulus,  than  for  pure  niobium. 
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Fig.  82.  The  teaperatnre  dependences  of  Young's  Modulus  for  rolled 
(1)  and  forged  (2)  niobiuu. 


ley:  (1).  £f  H/e*  (kg/au**  1 C')  . 


Fig.  83.  The  teaperatnre  dependences  of  Young's  vodnlus  of  the 
niobiea,  which  contains  nitrogen  and  oxygen:  1 - annealing  of  1150°C, 
1 h;  2 - annealing  of  1800°C,  1 h;  3 - cxidaticn  in  air  of  600°C,  3 
h,  annealing  of  1200°C,  3 h in  vaccun. 
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niobium  fusions.  Tke  effect  of  the  alloying  of  niobium  with  the 
snail  additions  of  chromium,  rhenium,  tungsten,  molybdenum,  tantalum, 
iridium,  palladium,  zirconium  and  titariua  cn  tie  character  of 
interatomic  reaction  investigated  N.  D.  Tarasov,  P.  A.  Ulianov  Ya.  D. 
Hibhaylov  [86]. 

On  Fig.  85,  are  represented  tc  the  dependence  of  the  modulus  of 
normal  elasticity  on  the  composition  of  alleys.  As  is  evident,  in 
essence  are  observed  the  lavs,  ccmmcn/general/tctal  for  solid 
scluticns.  So,  the  alloying  of  niobium  with  chromium,  rhenium  by 
tungsten,  molybdenum,  tantalum,  iridium  and  palladium,  which  have  the 
higher  modulus  of  elasticity,  makes  it  possible  to  obtain  the  alloys, 
for  which  the  value  of  module/modulus  is  higher  than  for  niobium.  The 
additions  of  zirconium  and  titanium  whese  ncdule/modul i are  close  to 
the  modulus  of  elasticity  cf  niobium,  lead  tc  insignificant  increase 
or  the  decrease  of  the  modulus  of  elasticity  cf  alloy  in  comparison 
with  the  module/modulus  of  niobium. 

Table  16,  comprised  cn  of  works  [65,  78  ],  give  corrected  values 
of  the  modulus  of  elasticity  of  niobium  fusions,  which  contain 
several  alloying  cell/elements.  From  these  data  it  follows  that, 
although  for  the  triple  and  guaternary  alleys  cf  niobium  the 
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dependence  of  the  modules  cf  elasticity  on  iorm  and  quantity  of 
alloying  cell/elements  is  sere  complex  than  for  binary  alloys  however 
the  character  of  the  effect  of  the  alloying  cell/elements  on  the 
module/modulus  of  elasticity  is  retained. 
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Fig.  •*.  The  temperature  dependences  of  Young's  modulus  of  the 
niobiea,  which  contains  C.lo/o  C:  1 - net  annealed;  2 - annealing  of 
1200®C , 1 h. 


ley;  (1).  E,  M/e*  (kg/em* • 1 C*)  . 


Fig.  85.  Dependence  of  the  modulus  of  elasticity  of  niobium  fusions 
on  the  content  of  the  alloying  cel 1/elements  (l,  E) . 

Key;  (1).  E,  H/m*  (kg/m  n*  • 1 0*)  . (*>■  L£>  % 

Page  116. 
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Via  alloying  the  acdulus  of  elasticity  of  niobium  can  be 
considerably  raised.  So,  for  alloy  Nb*1Eo/c  H+Sc/o  ho* lo/o  Zr 
■odule/aodulus  E=172  H/m2  (1.76*10«  kg/nm2)  , that  almost  1.5  times  it 
is  higher  than  for  unalloyed  niobium.  Consequently,  there  is  a 
possibility  to  eliminate  main  disadvantage  in  tte  nicbium  alloys  - 
1cm  modulus  of  elasticity  and  to  considerably  expand  the  range  of 
application  of  these  alleys. 
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TaBle  16.  Hoduli  of  noraal  elasticity  of  scie  alloys  of  niobium. 


(!) 

C0CT1«  CM  JIM 

TtMHpiTjrp*, 

(l)  *C 

fs) 

e,  rm/jt*  («r/juf,-i<r*) 

Nb  + 15»/o  w + 5®/0  Mo  + 1®/.  Zr 

20 

172  (1,75) 

1095 

123  (1,25) 

No  -f-  15®/o  W -f  5®/o  Mo  -f  5®/o  Zr 

20 

165  (1,68) 

1095 

113  (1,15) 

Nb  + 10*/0  Mo  + 10°/o  Tt 

1095 

59,5(0,61) 

Nb  + 32,5»/0  Ta  + 0,75 »/0  Zr 

20 

113  (1,15) 

Nb  + 14»/#W  + 2»/.  Mo 

20 

130  (1,33) 

1100 

129  (1,32) 

Nb  + 14»/«  W + 2*/«  Mo  + 0,83»/»  HIC 

20 

124  (1,27) 

1100 

126  (1,29) 

Key:  ,(1).  Coaposition  of  alloy.  (2).  Temperature,  °C.  (3).  E,  H/m2 
(kg/mn*«10  *)  . 


Pig.  46.  The  temperature  dependences  of  Toucg*s  modulus  in  niobium 
fusions  on  data  [86]:  1 - Nb*10o/o  He;  2 - Kb+ICo/o  Ta ; 3 - Nb+10o/o 
1}  4 - Nb«-5o/o  Re;  5 - Nfc*2.3o/o  Cr;  6 - Nt*7.6c/o  Ti;  7 - Nb+2.0o/o 
Ir;  8 - Nb+1. 78o/o  Zr ; 9 - Nb;  on  cata  [65]:  1C  - Nb*14o/o  V*2o/o  Ho; 
11  - Nb*14o/o  f *2o/o  HO'tC.fi3o/c  HfC. 
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Page  117. 


florks  [65/  86  ] give  the  information  afccut  a change  in  the 
Modulus  of  normal  elasticity  of  nicbium  alleys  during  their  heating. 
The  temperature  dependences  of  the  moduli  cf  elasticity  cf  some 
alleys  of  the  niobium,  constructed  according  tc  data  these  works,  are 
represented  on  Fig.  86,  frem  which  it  fcllcts  that  to  1300°C  moduli 
cf  normal  elasticity  of  all  studied  alleys  are  changed 
insignificantly,  and  with  ferther  increase  cf  temperature,  they 
descend. 

Thus,  for  all  investigated  alloys  the  temperature  dependences  of 
the  modulus  of  elasticity  had  in  essence  tie  save  character  as  for 
the  unalloyed  niobium.  This,  apparently,  is  explained  by  the  fact 
that  the  conmon/general/total  ccntent  of  tke  alloying  ce ll/elements 
in  each  alloy  was  low  (rot  more  than  20c/o) . 
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Page  1 18. 

Chapter  3. 

EISSIfATION  OF  ENERGY  IS  REFRACTORY  METALS  ECBISG  REPEATED 
DEFCR1A1ION. 

Setting  up  for  determining  the  actual  dissipaticq  of  energy  of 
cyclically  deformed  material  over  a vide  rarce  cf  temperatures. 

Together  with  the  traditicnal  mechanical  characteristics  of 
materials,  such  as  limits  ci  strength,  yield  ard  durability,  the 
elengatien  per  unit  length  and  transverse  ccntraction,  in 
machine-building  practice  increasingly  more  frequently  appears  the 
need  fer  knowledge  of  ether  characteristics,  also,  first  of  all  to 
the  ability  of  material  tc  ahserb  eqergy  dmriqg  repeated  deformation. 

Than  are  more  energy  lesses  ir  material  during  its  repeated 
deformation,  i.e.,  the  higher  the  damping  capacity  of  this  material, 
the  greater  must  be  the  dyqaaic  strength  of  cell/elements. 
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ccnstruction/desig ns,  manufactured  from  this  aaterial  and  which 
experience/test  in  the  prccess  cf  week  the  severe  vibrations. 


Therefore  during  tie  aanufactcre  cf  tke  parts  whose  vibrations 
under  actual  conditions  are  unavoidable  (such  parts,  for  exaaple, 
include  the  blades  of  different  types  turbcjacb ines) , frequently 
prove  to  bes  itself  to  advantageously  select  aaterial  with  low 
endurance  limit,  but  that  possessing  the  increased  internal 
dissipation  of  energy.  This  approach  to  the  selection  of  naterials 
for  the  class  of  parts  indicated  in  practice  ccapletely  itself 
justif ies. 


The  need  for  data  finding  cn  tke  damping  capacity  of  different 
class  cf  structural  materials,  including  b i gh- aeltin g,  especially 
increased  in  recent  years  in  connection  with  the  developaent  of  the 
newest  areas  of  technolcgy,  for  which  were  characteristic  the  extrene 

0\iq/\  tfel  OC flics  ,h>lh 

parameters  and  the  complexity  cf  tke  power  and  thermal  effects  A large 
pressnre,  etc.),  w,hich  were  being  changed  in  tixe  according  to  the 
specific  law  or  having  accidental  character. 

Oof ortunately , at  present  in  s peci fica tiens  to  naterials,  as  a 
rule,  there  are  no  damping  characteristics.  Existing  in  the 
literature  knowledges  about  the  dissipation  cf  energy  in  materials, 
i<n  the  first  place,  is  very  few  in  number  and,  in  the  second  place. 


- 
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tear  accidental  character,  since  different  authors  determined  the 
characteristics  of  scattering  k it h the  aid  cf  different  ones,  the 
frequently  insufficient  perfected,  eetheds,  that  does  not  sake  it 
possible  tc  consider  their  results  sufficiently  correct  ones. 

Fage  119. 

This  is  why  arose  the  inperative  need  ler  the  development  of 
procedure  and  the  creaticn  cf  setting  up  fer  studying  the  dissipation 
of  energy  for  material  curing  its  repeated  defermatien  under 
ccnditicns  of  the  eptimem  stressed  state. 

Since  for  the  characteristic  cf  vitraticn  stability  is  of 
interest  the  actual  dissipation  of  energy  or  high  stress  level, 
eptimem  test  conditions  one  should  consider  these,  by  whioh  in  each 
unit  wclume  of  material  arc  created  identical  cycle  stress 
alterations  (uniformly  stressed  state)  , and  the  great  value  of 
stresses  will  be  close  to  endurance  limit.*  Lnder  such  conditions, 
obvioesly,  it  is  easy  tc  deter  line  the  acttal  dissipation  of  energy 
in  caterial  cq  any  stress  level  and  to  esta ilisfa/install  the 
dependence  of  the  dissipation  cf  energy  on  the  amplitude  of  stress. 

Taking  into  account  an  experiient  in  the  investigations  (among 


cjkher  things  of  our)  in  the  ranee  cf  the  oscillations  of  elastic 
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systeas  the  optimua  procedure  cf  tie  study  cf  the  dissipation  of 
energy  in  the  cyclically  deforied  aaterial  cue  should  consider 
siailar,  which  provides  obtaining  unifcra  extension  - coapression  or 
repeating-alternating  pure  shear. 


Such  stressed  states  can  be  realized  during  the  utilization  of 
an  oscillatory  systea  with  cne  degree  cf  freedca,  which  is  the  lass, 
spring-aounted  and  capable  cf  accc  iplisfcing  lcrgitudinal  or  torsional 
vibrations.  Spring  in  this  systea  is  the  tabular  thin-walled 
speciaen/saaple  of  the  aaterial  being  investigated.  Upper  end  of  the 
s-| eciaen/saaple  is  rigicly  ccncectcd  kith  tie  large  lass, 
suspead/hung  froa  fine/thiq  strings  to  ceiling  beaas  (or  to  the 
special  struts,  connected  with  aoucting).  lie  t arget /pur pose  of  this 
suspension  is  inforaati.cn  tc  the  negligible  valce  of  the  leakage  of 
energy  into  "f oundation". 

The  scheaatic  diagram  cf  setting  up  fer  studying  the  actual 
dissipation  of  energy  ic  high- aelt jag  materials  is  represented  in 
Fig.  87,  the  general  view  of  speciaen/saaple  - in  Fig.  88. 

The  working  part  of  the  speciaen/saaple  cf  the  tested  aaterial 
(see  Fig.  88)  presents  the  tube  with  length  of  50  aa  with  aean 
diaaeter  of  17  aa  and  wall  thickness  cf  1 aa.  S pcciaen/saaple  has  the 
butt  ends  cf  the  stepped  scction/cut,  which  are  finished  with  cones. 


=1 
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Cae  of  the  ends  the  speciaen/saaple  is  rigidly  fastened  in  adapter 
with  3 (see  Fig.  87),  and  the  latter  in  turn,  is  fastened  in 
plate/slab  with  2,  which  it  presents  the  nerticned  above  large  nass 
and  is  suspend/hung  froi  steel  strings  1. 

Tc  the  butt  end  of  the  speciaen/saaple,  is  rigidly  connected 
lead  T.  To  the  lower  end/face  cf  lead,  is  conducted  electroaagnet  9; 
at  the  end/faces  of  teriinal  lead  aqd  the  pcles  cf  electroaagnet,  are 
Billed  cut  the  projecticns  cf  identical  fori. 

lage  120. 

i i 

i I 

With  the  aid  of  one  elect rcnagqet,  can  be  excited  as 
longitudinal  (vertical)  vibrations  of  terairal  load,  during  which 
entire  aaterial  of  speciaen/saiple  will  experiecce/test  cyclic 
teqsile  strain  - compression,  sc  also  the  torsional  vibrations  of  the 
saie  lead,  during  which  entire  aaterial  of  thin-walled 
s peci len/saaple  will  experience/test  the  cyclic  deforaation  of  pure 
shaar#  For  exciting  the  longitudinal  oscillations  electroaagnet  are 
established  so  that  the  prelections  of  the  end/faces  of  load  and 
electroaagnet  would  coircide;  for  parpose  cl  exciting  torsional 
vibrations  end/faces  they  aisalign  by  certain  angle  relative  to  each 
ether# 
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fig.  87.  The  schematic  diagram  of  setting  up  fee  the  study  of  the 
dissipation  of  energy  ic  cyclically  deferred  aaterial  in  the  uniform 
stressed  state:  1 - steel  filaients;  2 - plate/slab;  3 - adapter;  4 - 
specimen/sample;  5 - thermocouple  Ft-EtRh;  fc  - capacitance  pickup;  7 

- terminal  load;  8 - microscope;  9 - elect remagnet ; 10  - directing 
■echamisa;  11  - heater;  12  - vacuum  chamber;  13  - voltmeter;  14  - 
transfermer  OSU-40 ; 15  - autotr ans fermer  ff*o-250-1D;  16  - ammeter;  17 

- amplifier;  18  - power  supply  unit  of  amplifier;  19  - oscillograph 
N-105;  20  - oscillograph  SI-1;  21  - relay  HKD-46;  22  - amplifier 
10-5-4;  23  - audiaf reguency  oscillator  ZG-34;  24  - electronic 
potentiometer  EPV2-11A;  25  - vacuum  gauge  11T-1A;  26-28  - vacuum 
system. 
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Fig.  88.  Specimen/sample  foe  studying  dissipation  of  energy  in 


Key:  11).  Conicity 


liter  the  achievement  cf  the  assigned/prescribed  amplitude  of 
resonance  oscillations,  is  lanuf act cred  the  interruption  of  these 
vibrations  and  they  record  *itt  the  metion  piettre  film  of 

oscillograph  the  process  of  the  free  dying  oscillations  of  terminal 

load. 
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As  the  mechanical-electrical  transformer  is  used  capacitance 
pickup  6 (see  Fig.  87),  that  presents  net  connected  with 
specimen/sample  plate  which  is  fastened  through  the  adapter  to  upper 
■ass.  A change  in  the  capacity  of  sensor  because  of  a change  in  the 
clearance  between  the  fixed  plate  aqd  the  upper  end/face  of  the 
cscillating  load  during  longitudinal  oscil let ic ns  or  becaese  of  a 
change  in  the  area  of  the  plate,  ccvered  by  the  projections  of  the 
eod/face  of  terminal  load  during  tcrsicnal  vibrations,  creates  the 
electric  signal  which  is  reinfcrcec  and  is  xcccrded.  The  scale  of 
vibrogram  is  determined  with  the  aid  of  eicrcsccpe,  for  this  before 
cessation  cf  oscillation,  is  measured  their  actual  amplitmde. 

lith  the  aid  of  this  setting  cp  it  is  possible  to  estimate  the 
dissipation  of  energy  according  tc  resonance  curve,  and  also 
according  to  skele tal/skele tog  resonance  aurve,  accurately  by 
Measuring  the  frequencies  on  different  levels  cf  rescnance  amplitudes 
with  the  subsequent  recalculation  according  to  the  formulas,  obtained 
cn  the  basis  of  the  thecry  cf  nonlinear  vibrations  with  the 
utilisation  of  the  small  parameter  methed. 


For  purpose  of  eliminating  the  errors,  caused  by  oxide  coating 
cn  specimen/sample  and  eleients  cf  ccnstrmcticn/design,  in  the  case 

I 
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cf  tests  at  high  temperatures,  and  in  the  case  cf  low-temperature 
tests  - with  purpose  of  avoiding  the  icing  cf  the  cell/elements 
indicated,  oscillatory  system  together  with  capacitance  pickup  and 
the  electromagnet,  estah Jish/irstalled  cn  directing  mechanism,  is 
placed  in  vacuum  chamber  12  (see  Fig.  67).. 


Vacuum  chamber  consists  of  twc  steel  cylinders:  uppeE, 
stationary,  aqd  lower,  movable,  vacuum  cq  tie  crder  of  1.33  mN/m2 
(10“5  mm  Hg)  creates  the  vacuum  aggregate  Bi-05-4  together  with  an 
cil-vapor  pump  of  the  type  H-5,  rough  vacuum  - a fore  pump  of  the 
type  VN-2HG. 

Setting  up  allows  for  cf  measuring  the  dissipation  of  energy  in 
materials  ever  a wide  range  of  temperatures. 

In  the  case  of  experiments  at  the  elevated  temperatures  (to 
1700°a)  in  the  cavity  cf  speciaen/sampie  is  introduced  with  certain 
radial  clearance  the  special-slimy  heating  elemeqt  of  resistance  to 
11  (see  Fig.  87),  that  is  thin-walled  molybdenum  tube.  Fcr  providing 
uniform  heating  of  specimen/sample , the  heater  has  length,  three 
times  the  exceeding  length  of  tbe  working  part  cf  the 
specimen/sample;  furthermore,  the  thickness  of  the  upper  part  of  the 
heater  1.2  mm,  and  lower  - 1 an. 
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Page  122. 

The  basic  assembly  cf  setting  np  for  kigh-tenperature 
investigations  is  shown  cn  Pig.  89,  and  heater  - on  fig.  90. 


Ecr  measurements  at  the  low  temperatures  in  the  cavity  of 
specimen/s  ample  instead  of  the  heater,  is  introduced  the  cooler, 
which  is  tube  with  refrigerant  - by  liguid  ritrccen  or  heliun. 

The  described  setting  up  lakes  it  possitle  to  determine  with  the 
high  degree  of  accuracy  of  the  characteristic  cf  the  dissipation  of 
energy  during  cyclic  deicriaticn  cl  material  under  conditions  of  the 
uijfcrm  stressed  state. 


ECC  ^ 78133005 


PAGE 


■ 


Eage  123. 

Setting  up  is  general  pirpose,  since  it  makes  it  possible  to  vary  the 
stressed  state  of  the  material  being  investigated,  utilizing  one  and 
the  s4me  specimen/ sample , ard  tc  alsc  change  ever  wide  limits  the 
temperature  interval  of  tests. 

Settiag  up  for  the  studj  of  the  dissipation  of  energy  in  material 
daring  transverse  vibrations  at  high  te ape  rat ures. 


I 


During  the  study  of  the  damping  capacity  of  sheet  materials,  it 
is  expedient  to  utilize  transverse  vibiaticcs  cf  the  flat/plane 
s pscimer/samples,  tested  under  conditions  cf  pure  bending. 

Beccmmended  well  itself  setting  up  E-7,  making  it  possible  to  conduct 
this  testing  at  the  temperatures  to  150C°C  in  vacuum  to  1/33  mN/m2 
(10"*  am  Hg),  in  air,  ic  neutral  or  any  gaseous  medium  in  the  range 
cf  frequencies  from  5 to  100  Hz  [6]. 


Ihe  appearance  of  setting  up  D-7  is  represented  in  Fig.  91,  and 
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its  schematic  diagram  ic  Fig.  92. 

Setting  up  0-7  consists  of  the  following  l asic  systems:  by 
cscillatory,  the  excitation  of  vibrations,  beating,  vacuum  and 
optical  (for  recording  and  teccrditg  of  the  vibrations  of 
specimen/sample) . As  can  be  seen  from  Fig.  SI,  the  basis  of  setting 
up  is  welded  mounting.  Its  tassive  working  plate/slab  on  which  are 
■cunted  the  basic  assemblies  of  setting  up,  is  establish/installed  on 
the  mounting  indicated  in  strictly  horizontal  position. 

Oscillatory  system  includes  the  flat/plane  specimen/sample  being 
investigated  (see  2b  in  Fig.  92  and  Fig.  93a)  with  the  connected  to 
its  bmtt  ends  loads  (Fig.  93b).  For  decreasing  the  energy  losses 
"iqto  framing**  oscillatory  system  is  suspenc/hung  with  the  aid  of 
fine/thin  strings  2 of  tkc  iclybderw*  wire  and  to  the  cross 
crcssbead,  which  leans  cn  bcx  lack  braces  3. 


Tc  the  decrease  of  losses  in  the  places  cf  the  articmlaticn  of 
specimen/sample  with  loads  ccqtribrte  thickenings  at  the  ends  of  the 
specimen/samples.  The  ccnstruction/desi gq  of  the  suspension  of 
cscillatory  system  provides  orientaticq  and  rigid  holding  of 
specimen/sample  with  the  loads  in  the  wcrkirg  space  of  the 
canerh/chamber. 
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Suspension  points  c£  leads  virtually  ccincide  with  the 
asseablies  of  the  first  fera  of  the  vitraticqs  cf  system.  During  the 
excitation  of  vibrations  ty  the  pujse  ter gue/ac lent,  applied  to  the 
leads  at  suspension  points,  at  the  ends  of  the  spcciaen/saaple  are 
created  variable  torgue,  which  ensure  the  conditions  of  the  pure 
beqdiag  of  the  working  part  of  the  speciaen/saap le. 


leads  consist  (see  Fig.  93)  cf  three  parts:  upper,  massive, 
■iddle,  light  and  lower.  In  aassive  upper  pert  with  the  aid  of  wedge 
clasps,  are  fastened  the  ends  cf  the  speciacn/saaple. 

Cage  124. 


The  middle  part  of  the  lead  is  carried  cut  ty  less  aassive  for 
purpose  of  inforaation  to  the  ainiiua  cf  the  heat  transfer  from  the 
heated  s pecimen/saaple  tc  the  lower  part  of  the  load,  through  which 
with  the  aid  of  electromagnets  to  s peciien/saaple  is  applied  variable 
torgua.  In  the  lower  part  of  each  load,  ace  xillcd  out  figure 
cad/fdces. 


The  system  of  the  excitation  cf  vitcaticne  consists  of  two 
electromagnets,  the  generator  cf  lew  fregwcccies,  modulator, 
amplifier,  collected  of  one  blcck  with  detector.  Electromagnets  are 
mounted  on  two  noving  stands,  arraf ge/lccattd  accurately  under  the 
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loads  of  oscillatory  systea.  Stands  caq  be  turned  around  axle/axis, 
vbicii  eakes  it  possible  tc  estatlish/ipstall  tie  elect roaag nets  prior 
to  teats  so  that  the  projections  on  the  end/faces  of  load  and  aagnet 
core  aould  be  aisaligned  tc  certain  angle. 

During  the  supplying  cf  electric  pulse  on  coils  in  core,  appears 
the  aagnet  ic  flux,  • 

which  is  closed  through  air  gap  between  the 

projections  of  core  and  leads  uhict  attempt  to  stop  cne  against 
another. 


L 
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Hcrizontal  components  appearing  in  this  case  forces  the 
plane  surface  of  load  tie  tcrsicral  ncient,  «hich  for  a 
is  bending. 


creation  in 
test  specimen 
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~ VtT  -1;  23  - stands;  24  - electromagnets;  25  - shield;  26  - 
spcciaen/saaple. 


Page  126. 

This  torque/aoaent  is  changed  in  tiie  uith  the  natural  oscillation 
frequency,  selected  with  the  aid  of  the  naster  oscillators  Under  the 
actica/ef f ect  of  the  acient  of  loac,  are  cyclically  turned  relative 
to  suspension  points  anc  ace  caused  transverse  vibrations  of 
spcciaen/saaple.  If  suspension  points  and  leads  are  sufficiently 
close  to  oscillaticn  nodes,  then  the  oscillating  systen  is  not 
virtually  sHuqg. 

lith  the  aid  of  the  exaained  aetbed  of  excitation  oscillatory 
systea  is  inserted  into  the  resonance  vhich  on  the  achieveaent  of  the 
assigaed/prescriba d aaplitude  of  oscillations  they  strip,  breaking  up 
the  fsed  circuit  of  aagnet  viqdicgs. 

The  heating  system  of  setting  up  consists  of  three-piece 
resistance  furnace  (Fig.  94),  that  takes  it  possible  to  heat 
s peciaen/saaple  to  1500°C,  sealed  current  conductors,  two 
autetransf  craers  of  the  type  BPO-25Q/H  and  of  the  electronic 
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(c ten  tic ne ter  EPP-09,  which  gauges  the  teafcratare  in  the  sections  of 
furnace.  The  tenpecatuce  cl  speciaen/saaplc  is  acasuced  with  the  aid 
cf  three  p late-platinua-r hociua  th ciboccu p Jes. 
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Fig.  f3.  Speciaen/saaple  tc  setting  ap  t-7 : a)  the  drawing  of 
speciaen/saaple;  b)  the  general  view  of  speciaen/saaple  with  loads. 


Fage  127. 


Structurally  furnace  is  designed  in  bhe  fera  of  three 
independent  sections  with  the  separate  conclusicn/derivations  which 
ace  cennected  to  the  appropriate  teriicals  cf  actotraosf oraers. 
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Average  section  is  included  through  the  mercury  switch  of  the  gauging 
potentiometer  SPP-09.  lie  latter  automatically  disconnects  average 
section  free  rtvo-2 50/10  open  reaching  cf  the  temperature,  equal  to 
the  temperature  in  extreme  sections,  and  is  included  feed  in  the  case 
cf  a temperature  drop  of  aidsecticn. 


Beating  system  makes  it  possible  tc  ensure  the  sufficient 
uaifcriity  of  heating  along  the  length  cf  speciien/sample;  a 
difference  in  the  temperatures  cf  the  ends  cf  tte  working  part  of  the 
specimen/sample  and  its  center  in  air  ,it  dees  net  exceed  10-15  deg, 
but  in  vacuum  - 5 deg. 


Ecr  protection  frci  the  radiation  heating  cf  the  magnet 
windings,  loads  and  other  cell/eleients  in  the  zone,  adjacent  to  the 
end-tjpe  part  of  the  furnace,  are  cstaklish/ins tailed  the  chromated 
copper  shields,  water-cccled. 

I 

The  measures  indicated  ensured  the  continuous  operation  of 
setting  up  at  high  temperatures.  It  uXlS  esta  1 lish/instmlled  that 

during  heating  of  working  part  to  1200°C  the  te  ape  nature  pf  the  lower 
part  pf  the  specimen/saa  jle  did  not  exceed  80-S0oC,  i.  e. , that  value, 
with  mbich  the  loads  retain  their  aagnetic  properties.  All  elements 
cf  construction/design,  with  eicepticn  strictly  cf  furnace,  had 
temperature  not  higher  than  6C°C. 
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Setting  rp  D-7  Bakes  it  possible  tc  ccrcuct  tests  in  vacuum. 
Puiping  out  system  consists  of  forepump  YM-iHG  for  the  creation  of 
rough  vacuun  on  the  order  cf  1.33  M/m2  (IQ-2  mm  Hg)  and  vacuum 
assembly  VA-0.5-4  assembled  eith  oil-vapor  jump  of  type  N- 5 , that 
ensure  evacuation/raref acticn  13.3  MM/m2  (10~*  im  Hg),  the  assembly 
cf  egaipment  for  measuring  of  the  vacuum  anc  uater-ccoled  vacuum 
camerA/chamber. 
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Cage  128. 

In  the  caaera/chaater  there  is  inspection  window  with 
thermg-strong  quartz  glass  which  serves  for  observation  after  the 
work  of  furnace  and  the  position  of  speciaen/s a eple  in  the  process  of 
beating,  and  also  for  the  input  of  the  heat  of  illuminator  into  the 
caaerd/chaaber.  (For  the  cc cclus io n/der iva tic n of  light  ray  serves 
analogous  window  in  working  plate/slah>.  within  the  caaera/chamber  is 
located  the  bulb  for  il lua i ratio n. 


Kor  recording  the  dying  oscillaticrs  it  setting  up,  is  applied 
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the  simple  and  reliable  optical  system,  which  ensures  the  recording 
cf  vibrations  by  light  ray  on  photographic  paper.  In  the  system 
indicated  enter  the  illuminator  with  long- fccal-length  lens  and  bulb, 
the  batch  cf  mirrors  and  recording  mechanism. 

Illuminator  is  long  tmbule  with  the  bolt  which  is  equipped  by 
device  with  gash  a. 2 mm  lor  the  <b«f*e**Tvnq  of  the  luminous  flux.  The 
diaphEagmmed  ray/beam,  leaving  illuminator,  falls  to  the  turned  at  an 
angle  cf  45  deg.  mirror  and  - through  inspection  window  - into  the 
canera/chamber  on  the  mirror  which  is  fastened  to  one  of  the  inertia 
lpads  near  a qode  of  the  vihraticns  cf  systea.  After  being  reflected, 
ray/beam  falls  on  another  mirror,  arrange/lcc at < d within  the 
ca merd/cha mber , which  directs  it  to  recording  mechanism. 

Recording  nechanisi  (Fig.  95)  includes  cassette  with 
photographic  paper  of  tte  assembly  of  ac  automatic  recorder  of  type 
K— 4-51  and  the  drive  of  cassette,  which  consists  of  housing  for  the 
setting  up  of  cassette  and  electrical  mechanism  HZK-1,  equipped  with 
additional  miniature  attachment  with  blcclcs  for  an  increase  in  the 
raqge  of  the  control  of  the  rate  cf  the  drawing  cf  photographic 
paper.  For  the  exceptior/eliainaticn  of  slippage,  the  blocks  are 
establish/installed  between  the  epicyclic  gear  with  gear  ratio  to 
1:450  and  electric  motor,  i.e.  at  high-speed  step/stage. 
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An  electric  motor  of  type  MF-4  of  direct  currert  15  V in  power  with 
cciinal  voltage  27  V and  revclcticjs  12C0  r/iic  in  combination  with 
reducer  and  attachment  provides  the  infinitely  variable  control  of 
the  rate  of  the  drawing  cf  photographic  paper  from  10  to  300  nm/s. 

The  supply  voltage  of  electric  motor  is  regulated  on  the 
voltmeter  of  direct  cur  lent  within  limits  ficm  10  to  50  v with  the 
aid  of  laboratory  transformer  LATH-1.  Ibis  system  makes  it  possible 
to  easily  select  the  optimal  rate  cf  the  drawing  of  photographic 
paper  for  a frequency  bard  5-100  Hi  and  for  materials  with  different 
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During  tests  preliminarily  war  conducted  calibrating  the  rate  of 
the  drawing  of  photographic  paper  in  the  function  of  stress  on 
electric  meter. 

The  ray/beam  through  the  narrow  gash  in  the  wall  of  oassette 
falls  to  the  dr iving/mo ving  photographic  paper. 

Recording  mechanist  is  establ  ish/irstalle d cn  the  platform  which 
can  be  fixed  in  any  position  after  vertical  displacement/aoveaent. 
This  Adjustment  makes  it  possible  tc  aeguire  maximum  of 
hack-and-f orth  amplitudes  on  vifcrocram  at  ary  aaplitude  value  of  the 
herding  moment. 

One  of  the  major  advantages  of  tests  curing  setting  up  D-7  is 
the  fact  that  during  the  measurement  of  the  dissipation  of  energy  in 
material  are  brought  tc  oiqinua  the  external  lesses.  So,  torsional 
stress  in  the  strings  of  the  sespensien  of  spec imen/sampla  is  2-3 
MN/m2  (0.2-0. 3 kg/mm2);  therefore  energy  lesses  in  the  material  of 
the  strings,  twisted  at  an  angle  of  ' 3-5  ceg.,  are  negligible. 

Besses  into  framing  are  virtually  exoluded  because  of  the 
introduction  of  thickenings  at  the  ends  of  the  specimen/ sample,  the 


■ r»» 


DOC  =*  78133C05 


1 


E AGE  -rh 


second  moment  of  area  of  which  is  30  times  acre  than  for  the  cross 
section  of  the  working  fart  of  the  speciaer/saafle. 


Test  work  in  vacuui  makes  it  possible  tc  eliminate  losses  into 
the  environment  whose  effect  cn  the  dissipation  cf  energy  during  the 
vibrations  of  flat/plane  spcciaen/saaples  can  .be  in  certain  cases 
very  essential. 

The  thermocouples,  introduced  into  working  chanter  of  furnace, 
are  not  connected  with  the  oscillating  epeciaer/saaple,  which  also 
eliminates  possible  additicral  losses. 


The  application/use  cf  an  optical  recording  systea  of  vibrations 
docs  act  require  mechanical  cc ■ aun icat icn/cc nnection  between  the 
oscillating  speciaen/saaple  and  the  recording  mechanism. 

The  excitation  of  vibrations  with  the  aid  cf  alternating  current 
eliminates  the  effect  of  nagnetic  field  oa  the  dissipation  of  energy. 

Taking  into  account  the  specific  character  cf  conducting  studies 
cf  the  dissipation  of  erergy  in  aaterial  during  the  utilization  of 
setting  up  D-7,  expediettlj  in  more  detail  to  examine  the  test 
procedure  with  the  aid  cf  this  setting  up. 
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Procedure  of  the  e xperimental  studies  of  the  dissipation  pf  energy  in 
a cyclically  deforaed  aaterial. 


Ycr  the  criterion  cf  the  damping  capacity  cf  aaterial  during 
experimental  investigations,  it  is  expedient  tc  accept  the 
logarithmic  decrement  ol  camping  tie  vibrations  cf  flat/plane 
speciaen/samples.  The  basic  advantages  cf  this  selection  Ire  relative 
simplicity  of  obtaining  and  sufficient  for  engineering  practice 
accuracy/precision  and  the  reliability  cf  test  results,  is  presented 
below  the  recommended  bj  us  procedure  cf  the  determination  of  the 
decrement  of  vibrations  with  the  aid  of  setting  up  D-7. 


The  resonance  mode  of  vibrations  are  established  with  the  aid  of 
the  mister  oscillator.  Platform  with  recording  mechanism  they  are  set 
in  such  a position  that  the  spread/scope  pf  the  amplitude  of  the 
oscillations  of  ray/beam  on  phctogcaphic  gsper  would  reach  -120  mm, 
after  which  is  rea lize/acccmplishe d the  interruption  of  resonance. 
After  several  seconds  before  interruption  is  connected  the  recording. 


Buring  the  treatment  cf  its  obtained  thus  vibrogran  they  divide 
not  several  sections  by  such  fern,  in  cider  tc  the  difference  between 


i 
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the  first  and  last/lattcr  amplitude  for  each  section  of  were 
approximately  identical.  In  this  case,  they  assume  that  oo  the 
section  in  question  the  decrement  retains  constant  value,  i.e. , they 
assign  the  value  of  decrement  indicated  to  average  stress  on  this 
section. 

In  order  to  avoid  errors  in  the  accidental  character,  to  the 
dependence  of  decreaent  on  stress  cqe  should  construct  on  the  data  of 
+ujo  -three  vibrograns,  and  for  obtainiqg  a large  nuater  of  points 
select  the  covering  each  other  sections  of  vihregraa. 

Decreaent  is  detereintd  from  the  fcraala 


ehere  z - a nuaber  of  cycles  on  individual  scctioa; 

a»  and  «*«  - value  of  amplitude  in  the  beginning  and  at  the  end 
cf  the  selected  section  cf  vibrogran. 

Stress  is  calculated  fron  known  fcrnula  fer  a bend  on  the  edge 
cf  the  speciaen/ssnple: 

"BT*  <M) 

where  E - nodules  of  elasticity; 


h - thickness  of  spcciaen/sanple; 
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ir  - length  of  working  part,* 

R - total  distance  frca  mirror  on  the  load  to  slit  in  the 
cassette  of  recording  aecharisa. 

I 

Page  131. 

Ccr  the  exception/eliaination  cf  the  effect  of  air  on  the 
decreaent  of  vibrations  sequence  irdicated  above  of  operations  one 
should  conduct  in  the  connected  vacuus  systea  [p>f1.33  H/a*  (10"*  aa 
Bg>]. 

Bcr  decreasing  the  driving  of  the  cscillatcry  systea, 
consequence  of  which  is  ucdulaticn  cn  vibrccrais,  it  is  necessary  to 
accurately  set  the  clearances  between  the  end/faces  of  aagnet  cores 
and  lgads.  (It  is  necessary  tc  note  that  the  swaying  of 
Sf eciaen/saaple  does  net  influence  the  dissipation  of  energy  in 
material  and  only  somewhat  impedes  the  treatment  of  vibrograas) . 

lo  the  advantages  cf  the  used  aetbed  cf  the  recording  of 
vibrations,  one  should  relate  tbe  fact  that  all  inaccuracies  in 

settiag  up  and  fastening  cf  spcciaen/saiple  easily  are  detected  on 

vibrogram. 
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■ hen  conducting  of  calibrating  thermocouple  with  the  aid  of 
fiqe/thin  molybdenum  wire,  they  fasten  to  test  specimen  at  three 
icints.  The  stress  in  sections  they  increase  by  step/stages  with 
holding  to  20  min  until  is  establish/icstalle d equilibrium 
temperature  conditions.  Stress  controls  by  the  voltmeter  with  the 
elongated  scale,  which  tith  the  aid  of  the  three-position  switch  can 
be  included  iq  any  section  of  furnace. 


Xn  order  to  eliminate  a difference  im  the  temperatures  along  the 
length  of  specimen/sample,  in  aidsccticn  axe  established 
approximately  the  same  stress  as  ir  extneme  ones,  and  this  section  is 
connected  through  the  mercury  snitch  EPF-09. 


Xn  the  process  of  (eating,  the  spccimec/sa iple  is  elongated, 
this  leads  to  the  displacement  of  loads  relative  to  the  cores  of 
magnets  and,  as  a result,  tc  the  driviqg  of  leads.  Therefpre  for  the 
compeasation  the  elongation  of  specimen/qaaple,  cqe  of  the  stands  of 
magnets  is  eguipped  with  the  transiissicn  with  high  gearing,  which  is 
given  from  the  handle,  brought  cut  outside  frci  the  earner* /chamber . 
Cracking  in  proportion  to  heating  specimen/sample,  experimenter 
attempts  tc  reduce  the  driving  cf  specimen/sample  to  minimum. 
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work  with  heat-resistant  alloys  on  nickel  basis  t$ 

SCC-1IC0°C,  is  sufficient  fcrevacuum  on  the  order  of  1.33  N/a*  (10*** 
■■  Hg)  . At  this  residual  pressure  is  virtually  completely  elisinated 
tbe  effect  of  air  on  datpipc  of  the  vibrations  cf  spec ineo/saaple. 

it  the  sane  tiae  fcr  a work  with  such  aetals  as  molybdenum, 
tungsten  and  niobius,  at  temperatures  to  12CC°C  is  necessary  more 
high  vacuua  (created  with  tbe  aid  cf  vacuut  asacably),  since  heating 
the  aetals  indicated  in  air  is  acccaparied  by  irtense  oxidation, 
especially  beginning  frca  350-€00°C. 

it  noraal  tea  per at  ire  vacuua  asseitly  creates  permission  in 
camera/chamber  on  the  order  of  1.33Mli/a*  (10~5  mm  Hg)  . Daring 
heating  to  1100-1200°C,  the  vacuua  falls  tc  3.S9  hi (H/m*  (3x10_*  an 
Hg)  . 

Page  132. 

Thus,  the  sequence  of  operations  during  testing  can  be  presented 
as  follows: 

1.  After  setting  up  and  batch  of  s Eec  i iep/  sample,  are 
rcmcve/taken  the  vibrograms  of  vibrations  in  air  with  the  normal 
temperature  and  the  raised  camera/chamber. 
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3.  During  permission  1.33  aS/a*  (10~*  ca  Eg)  are  record/written 


vibiograas  through  every  10C  deg  (holding  at  each  teaperature  must  be 


ci  sufficient  for  obtaining  tuc-three  vibrcgrais) 


4.  Are  record/vr itten  vibiograas  it  vacuua  during  cooling  of 


sfeciaen/saaple.  (Removal/taking  vifcrograas  during  ceding  pursues 
the  tirget/purpose  of  obtaining  the  aore  f ull/tctal/coaplete  data  on 
the  possible  structural  trarsf craaticns,  cccurirg  in  material  at  high 
teajeratures  and  with  ccnsiderable  stresses). 


5.  Obtained  vibrogiaas  are  processed  ky  aethod  indicated  above 


Are  plotted  a curve  of  the  depecdecces  cf  tie  logarithmic  decrement 


ci  vibrations  on  the  average  peak  stress  in  the  center  section  of  the 


speciaen/saaple  for  different  temperatures.  The  curves  indicated 
serve  as  the  initial  naterial  for  {letting  cf  the  dependence  of  the 
logarithmic  decrement  of  vibrations  on  the  teaperature  at  different 
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Results  of  the  experimental  investigations  cf  tfce  dissipation  of 
eaergj  in  refractory  metals. 


As  already  mentioned,  damping  capacity  is  the  important 
iechafical  characteristic  cf  higb-ielticg  aeterials.  However,  in  the 
literature  are  absent  tfce  data  cn  the  attenuating  properties  of 
refractory  metals  at  the  high  values  of  cyclic  stresses  and  high 
temperatures.  carried  out  the  in  vesti gaticn  cf  the  attenuating 
properties  of  aolybdenua,  tungsten  and  cickiui,  obtained  by  different 
■ethods  during  setting  cp  E-7  accoxding  to  the  procedure,  described 
in  the  preceding/previccs  paragraph. 

The  acduli  of  normal  elasticity  of  the  materials  indicated  in 
wide  temperature  interval  were  determined  it  assembly  OP-6;  the 
values  of  module/moduli  fcr  all  materials  teinc  investigated  were 
given  in  Tables  IQ,  11,  15,  but  the  results  cf  the  analysis  of  the 
attenuating  properties  cf  tfce  aateiials  indicated  were  examined 
below* 

Niobium.  Specimen/samples  were  made  cf  the  rods  of  the 

niobium,  obtained  by  cathcde-ray  reneltimgi  and  they  were  not 
subjected  to  preliminary  heat  treatment. 

the  dependences  of  the  logarithmic  decrement  of  vibemtioms  on 


stream  ace  given  to  Pig.  96  and  97 
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Fig.  97.  Attenuating  properties  of  niotiua  in  function  of  stresses 
doting  cooling  in  vacuui. 


Key:  11).  HN/a2  (kg/an2). 
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Fxca  graphs  it  is  evident  that  at  teaperatores  from  20  to  1100°7  is 

observed  the  clearly  expressed  tendency  of  an  increase  in  the  daaping 

capacity  of  niobiua  with  an  increase  in  the  stresses,  moreover  aost 

sharply  grow/rises  decrement  with  11C0°C  - froa  2.5  to  5.8o/o  (i.e. 

it  is  acre  than^iaes)  vith  an  increase  in  the  stress  three  tines, 
n 

The  analysis  of  the  dependence  of  logaxithiic  decrement  on  the 
teapeEature  at  the  fixed  level  cf  stresses  [19.6;  58.8;  98.1 Mn/b2 
(2;  6;  10  kg/aa2)  ] (Fig.  98)  shows  that  with  a temperature  rise  the 
daaping  capacity  of  niohiui  is  incteased.  Kc  ancaalies  in  a change  in 
the  d4creaent  depending  eg  the  teaperature  there  were  reveal/detected 
cither  during  heating  or  during  coding  of  speciaen/saaples.  With  the 
increase  of  teaperature  frea  20  tc  800°C,  lcgarithaic  decrement 
grcw/Eises  insignificantly,  while,  keginnirg  free  900°C,  the 
intensity  cf  its  growth  beccaes  significant. 
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111  experiments  as  a result  of  which  were  obtained  the 
dependences  6=f  (w)  and  d=f  (t)  , were  carried  cut  in  vacuum  1.33hfN/m2 
(1 0" 5 am  Hg)  at  20-900°C  and  2. 66  Mh/a*  (2«  10~*  am  Hg)  at  higher 
temperatures. 

Thus,  together  with  the  sufficiently  high  characteristics  of 
strength#  plasticity  anc  heat  resistance  nicbici  possesses  the  good 
attenuating  properties. 
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Fig.  98.  The  temperature  effect  on  the  dissipation  of  energy  in  the 
niobims:  1 - *=19.6  M N/s*  (2  kg/mm*);  2 - •=58.8  tyN/m2  (6  kg/mm2)  ; 

- *=98.1  M N/m2  (10;  kg/ai2)  ; 4 - heating;  5 - ceding. 


Page  135. 


The  cgibination  indicated  lakes  this  material  with  ccapletely 
suitable  ones  for  aanuf actiring  the  parts#  working  at  high 
temperatures  and  cyclic  Icacs. 
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lelybdenum.  For  the  investigation  cf  tte  attenuating  properties 
c£  iclybdenun  we  have  nade  spec ime c/saa pies  mace  of: 

1)  cermet  molybdenun,  deformed  by  rolling  with  the  degree  of 
reduction  ~UQo/oj 

2)  the  cermet  moly tden cm,  rolled  with  the  sane  reduction  and 
then  annealed  at  900°C  for  1 h j 

3)  the  molybdenum,  which  contains  C.2o/0  li  and  0.005o/o  C, 
cttained  by  common  arc  lelting  and  deformed  by  rolling  with  degree 
reduction  -40o/o,* 

4)  the  alloy  of  the  analogous  ccm(  csitici;,  idled  with  the  same 
reduction  and  annealed  at  SC0°C  fci  1 h. 

The  analysis  of  the  results  of  tests  4 f 1 g . 99-111)  makes  it 
fcssible  to  make  following  conclusions. 

1.  For  all  tested  specimen/samplea  is  observed  clearly  expressed 
tendency  of  increase  in  decrement  tith  indiease  in  stress  at  all 
teaferatures. 

2.  with  temperature  rise  at  constant  stress,  decrement  also 

|I<«/i1m«(  moreover  for  deformed  melykdemei  is  observed  sharp 

*eciiemce/drop  in  decrement  in  ranee  of  teaicratvres  of  300-800°C. 
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Fiq.  9ft. 

Attenuating  properties  cf  cermet  nclybdenuit  as  a function  stress 
daring  heating  in  vacuui. 


Key:  |1).  MN/m2  (fcg/mm2). 
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Fig.  1C1.  Teaperature  effect  on  dissipation  of  energy  in  deforaed 
ceriet  aolybdenua:  1 - *=1S.6  aN/a*  (2  Itg/n2);  2 - *=58.8  aN/a* 
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IX 


6,  Mn/Mi(Kr/**t)  0s) 

fig.  102.  Attenuating  properties  of  poured  iclyfcdenui  in  function  of 
stresses  during  heating  in  vacuus. 


Key:  j1).  MN/e2  (kg/ma2 ) 
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Fig.  103.  Attenuating  picperties  of  poured  nclytdenun  in  function  of 


stresses  during  cooling  it  vacuus 


Key:  {1).  HN/s2  (kg/sn2) 


During  the  analysis  cf  the  tesperature  dependences  of  the 
dasping  capacity  of  the  peured  and  cerset  iclylccnun  in  the  state  of 


ncticeatle  that  the  good-quality 


picture  of  a change  in  the  decrement  to  a tesperaturc  rise  and  stress 


is  approxinately  identical.  The  sate  can  be  said  about  a Change  of 
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the  decrement  for  the  pcurec  and  cermet  molybdecim  in  the  annealed 
state*  Is  observed  even  the  completely  satisfactory  quantitative 
conformity  of  attenuation  ctar acteristics  fcr  these  two  materials, 
which,!  however,  can  be  accidental  lactcz,  since  the  impurity  content 
in  the  specimen/samples  of  the  cermet  and  pcured  molybdenum  is 
different.  Taking  into  account  this  fact,  subsequently  ve  will  not 
separately  analyze  curves,  cbtained  for  speciaen/samples  made  of  each 
material,  but  let  us  examine  them  together. 
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Fjg-  104-  The  teaperatuie  effect  on  the  dissipation  of  energy  in  the 
deferred  poured  nolybderua:  1 - «=19.6N|N/i2  (2  kg/aa2)  ; 2 - «=39.2 
MN/a2  (4  Jsg/an2);  3 - heatirg;  4 - cooling. 


m wo  m wo  aor.v 


Fig.  105.  Temperature  effect  on  dissipation  of  energy  in  poured 
■clybdenum  at  small  amplitudes  of  strain  (y<10-a)  and  frequency  1 Hz 
1 - deformed;  2 - annealed  (700°C,  1 h). 


Fig-  107.  Mictostr octure  of  cecaet  aclytderua,  annealed  at 
teapeiature  of  900°C  (*3COO). 
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Eig.  108.  Attenuating  properties  of  annealed  (9C0°C)  powder 
■clybdenua  in  function  cf  stresses  during  beating  (a)  and  cooling  (b) 
in  vacuus. 


Key:  j[1)  . MN/a*  (k.g/aa*) 
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initially  let  us  discuss  tbe  typical  special 
feature/peculiarities  ol  tbs  behavior  cf  s p eci mcn/sa spies  Bade  of  the 
peured  and  cermet  mclybdenui  in  state  of  strain.  It  is  first  of  all 
necessary  to  note  that  the  decrement  of  these  specimen/samples  with 
20°C  is  considerably  higher  than  fee  the  s p eci aen/sa iples  of 
iclybdenum,  annealed  after  rolling.  So*  if  with  o=39.2  MN/m2  (4 
kg/Bm*)  for  deformed  posted  molybdenum  6=2.5c/c,  then  with  the  same 
stresses  the  annealed  peured  mclybdenum  it  has  d=0.5o/o,  i.e.#  is  5 
tiies  less.  Analogous  law  is  observed  also  for  cermet  molybdenum. 

The  increase  of  the  value  cf  logarithmic  decrement  for  the 
deformed  specimen/samples  should  explain  by  the  intensification  of 
the  irreversible  processes  in  material  with  a large  number  of 
flaw/ defects,  introduced  by  plastic  defermatier,  and  consequently,  by 
an  increase  iq  the  dissipation  of  vitraticnel  energy. 

The  increase  of  teiperature  led  to  an  ancialous  incidence/drop 
in  thtf  decrement  in  interval  of  400-800°C  fer  the  specimen/samples  of 
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the  poured  and  cermet  aclybdenum,  deformed  ry  idling.  For  explaining 
the  nature  of  the  processes,  which  take  place  at  the  temperatures 
indicated,  were  determined  the  values  of  the  logaritbaic  decrement  of 
vibrations  depending  on  the  teiperature  at  saall  amplitudes  of  strain 
<7<10"»)  . 


o m uo  m m mix 


Fig.  109.  The  temperature  effect  on  the  dissipation  of  energy  in  the 
annealed  powder  molybderus:  1 - «=58.8  MN/m2  (6  kg/mi2) ; 2 - *=98.1 
MN/m2  (10  kg/aa2) ; 3 - •=137(KS/n2  (14  kg/si2)  ; 4 - heating;  5 - 
cccliag. 
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These  tests  were  conducted  with  the  aid  of  the  torsion  pendulum  at 
frequency  1 Hz. 

Is  can  be  seen  fro«  curve/grapb  ic  Fig.  105,  with  130  and 
250°C  are  observed  the  laximums  of  internal  friction.  In  work  [96] 
the  increase  of  decrement  with  130°C  is  cpccccted  with  the  nigration 
cf  nitrogen  atoms  in  solid  solution  under  tte  influence  of  the 
applied  stresses.  The  nature  cf  maximua  with  25C°C  they  treat 
differently  [ 96,  97,  p.  123], 

After  the  annealing  of  the  spccimen/saiples  of  the  deformed 
molybdenum  with  700°C  for  1 h,  relaxation  meximums  disappear.  This 
testifies  to  the  course  of  the  strain  aginc,  ccrnected  with  the 
liberaticn/isclaticn  of  interstitial  impurities  during  the 
dislocations.  (Analogous  results  were  obtained  fcr  cermet  molybdenum). 
Specifically,  by  strain  aging  cne  should,  apparently,  explain  a 
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Heating  to  teaperatnres  is  higher  than  8CC°C,  as  can  be  seen 
free  Big.  99  and  102,  it  leads  to  an  increase  of  the  dissipation  of 
energy  in  aaterial.  Apparently,  this  is  caused  by  the  fact  that  at 
high  teapexatures  is  decreased  the  dislocation  density  as  a result  of 
their  outual  annihilation,  which  becomes  possible  because  of  the 
intensification  of  the  pxocesses  ot  creeping. 


I 
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Fig.  111.  The  teaperatoca  affect  oi  the  dissipation  of  enfergy  in 
annealed  aclybdenua:  1 - «*39.2  N|N/a2  (4.0  kg/if*)  ; 2 - w*78.5  Nfo/a2 
(8  kg/mm2)  ; 3 - »=118  M»/i*  (12  kg/aa2>;  4 - heating;  5 - cooling. 


Eage  144. 

Beating  the  speciaen/saaples  cf  the  deterged  aolybdenua  to 
teapezatures  of  900-120C°C  it  acst  lead  to  the  formation  of  polygonal 
sab-struct ure,  which  is  retained  during  coding.  Apparently,  this 
causes  reduction  of  logarithaic  decrement,  which  they  observed  in  the 
expedients  conducted  (see  Fig.  100  and  Fig.  103). 


The  foraation  of  pclygccal  structure  it  tie  process  of  the 
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preliminary  annealing  cf  the  defcried  iclykderus  s peci men/ samples 
with  900°C  for  1 h (see  fig.  106  and  107)  led  tc  the  fact  that  during 
the  tests  cf  the  annealed  speciten/saap les  cf  atcmelcus 
iaciddnce/drop  decrenent  with  a teiperature  rise  they  did  not 
cb$erve;  on  the  contrary  it  occur  led  the  ccftinmous  increase  of  the 
daipiag  capacity  (see  Fig.  108-111).  In  the  investigated  teaperature 
interval  which  for  ceraet  aclyfcdenua  ccaposed  2C-100C°Cr  and  for  that 
poured  . 20-1100°C,  daiping  capacity,  for  example,  for  stress  of 

58. 8 Ml/a*  (6  kg/mm2)  gicv/rose  frea  0.6  tc  2.3c/o  - in  the  case  of 
ceraet  aolybdenua  and  frea  C. 6 to  ho/o  - in  the  case  of  the  poured 
■clybdenua. 

Thus,  the  obtained  results  showed  that  ceraet  and  poured  the 
aolybdenua  possesses  the  sufficiently  high  attenuating  properties 
together  with  the  increased  heat  resistance,  which  makes  it  possible 
to  reoonmend  it  for  a werk  the  conditiccs  ci  high  alternating  loads 
and  tdeperatures. 


Tungsten.  The  attenuating  properties  ct  tungsten  investigated  at 
the  temperatures  frea  2C  tc  1000°C  in  vacuus  1.33  (HN/m2  (10's  an  Hg) 
and  at  11Q0-1200oC  in  vacuua  2.66  MM/a2  (2«1G~*  an  Hg)  in  the 
spcciaen/saaples,  aanufactured  free  the  resulted  cermet  tungsten, 
subjected  to  deforaaticr  tc  rolling  without  the  subsequent  heat 
treataent.  The  results  cf  experiments  are  represented  in  Fig. 
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112-114.  For  temperatures  20  and  3CQ-5CC°C,  is  given  the  aoaaon  curve 
cf  the  dependence  of  logarithmic  decrement  cn  stress,  since  the 
values  6 for  the  temperatures  indicated  virtually  coincide. 

■ ith  the  increase  cf  texperature  itc  60C°C,  the  damping  capacity 
noticeably  giow/rises.  Sc,  for  o=98.1MN/m2  (1C  kg/mt2)  logarithmic 
decrement  with  500 °C  composes  G.65c/c,  aqd  at  6CC°C  value  6=1.25o/o. 
The  increase  of  temperature  to  100C°C  dees  cct  lead  to  the 
considerable  increase  of  the  attenuating  properties,  whereas 
beginning  free  1000°C  lcgarithaic  cecreient  gxcv/rise  very  intensely, 
and  at  1200°C  for  w-58. 6 NlN/m2  (6  kg/mm2)  £* 5o/c.  This  intense 


increase  in  the  damping  capacity,  apparently,  is  explained  by  the 
beginning  cf  the  processes  cf  recr jsta llizatic r s which,  accordingly 
[98],  considerably  are  accelerated  under  fie  action/effect  of 
external  voltages. 

noticeable  anomalies  in  the  curves  of  the  temperature  dependence 
cf  logarithmic  decrement  did  net  ebserve,  kith  exception  of  an 
iosignificant  reduction  in  the  damping  capacity  with  1000*C  (see  Fig. 
114),  which  can  be  caused  by  the  ccurse  of  the  processes  of  strain 
aging/ 
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fig.  112.  Attenuating  picpeitics  of  t 


dnund  heating  in  vacuui 


Key:  (1).  HN/a*  (kg/aaz) 
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fig.  113.  Attenuating  properties  of  tuqgstcc  in  function  of  stresses 
daring  cooling  in  vacuui. 

Key:  J1).  HN/a2  (kg/mm2). 


Fage  146. 

Fcr  all  investigated  teapsrat ures  toth  during  the  heating  and 
during  cooling  of  speciaen/saap les  is  chsertcd  the  sharply  pronounced 
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dependence  of  decrement  or  stress. 

Thus,  tungsten  in  tie  investigated  teiperatsre  range  is  not 
inferior  tc  niobiua  and  molybdenum  according  tc  damping  capacity  and 
can  successfully  be  accepted  itself  fee  the  saae  target/parposes  that 
and  the  aaterials  indicated. 

t 

In  conclusion  was  Bade  the  atteapt  to  ccupare  the  damping 
characteristics  of  the  investigated  aaterials  rnder  the  comparable 
ccnditions:  at  tea perat rres  and  vitb  stresses,  which  constitute 
identical  portion/f ract jog  frci  the  Belting  feint  and  yield  point  of 
the  aaterials  being  investigated,  i.e.,  at  homologous  temperatures 
aad  stresses.  Figure  115  depicts  tc  the  dependence  of  logarithmic 
decrement  on  homologous  voltage  at  the  temperature,  which  constitutes 
CL.4  from  the  melting  point  cf  the  aaterials  being  investigated.  As 
can  bd  seen  from  this  graph,  the  highest  attenuating  properties 
possesses  tungsten,  by  the  lowest  - aclybdcnua;  niobium  occupies 
imteraediate  position. 

it  is  accessary  to  note  that  in  the  range  cf  operating 
tsapscatures  the  attenuating  properties  of  the  studied  refractory 
aetals  are  higher  than  for  the  aajerity  of  aost  heat-resistant  nickel 
base  alloys. 
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Fig-  114.  The  teaperatnre  effect  03  the  dissipation  cf  energy  in  the 
tnggsten:  1 - *=49  NN/a2  (5  kg/aa2);  2 - *=98.1  MN/i2  (10  kg/aa2)  ; 3 
- heating;  4 - cooling. 

Piq.  II*.  C ompgBj^on  of  aHenoftlioq  pe.ope£4ie5  of  Re  mjJ-eiUvIS  With 
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Chapter  4. 


HABDNISS  OP  REFRACTORY  EF1ALS. 


Generalities. 


* 

I 


The  measurement  of  the  hardness  of  materials  widely  is  utilized 
for  tbe  check  of  their  quality,  anc  also  as  cqe  of  methods  of 
metallographic  investigaticcs.  Tte  scientific  ard  practical  value  of 
this  method  consists  in  the  fact  that  in  tie  value  of  hardness, 
measured  at  different  temperatures , it  is  pcssitle  tc  judge  many 
important  physicomechanical  characteristic!  cf  materials. 


! 


1 


it  is  real/actual,  as  it  follcws  from  the  results  of  the 
numerous  investigations  (see  survey  in  work  [ICC]),  the  hardness  of 
material  depends  on  its  crystal  structure  ard  is  connected  with  many 
mechanical  and  physical  characteristic^,  with  tie  yield  points, 
strength,  fatigue*  creep  and  stress-rupture  strength;  with 
compressibility  and  value  of  icnic  radius^  it  correlates  Also  with 
some  magnetic  and  electrical  properties.  Vic  measurement  pf  hardness 
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is  the  simple,  but  highly  sensitive  Method  cf  the  study  of  the  aging, 
peening,  return,  recrystall izaticn  and  cthei  phase  and  structural 
transformations. 


N.  N.  Davidenkov  [99]  shoved  that  the  hardness  does  not  have 
special  physical  nature,  teing  the  measure  cf  the  averaged  strength 
cf  Materials  to  plastic  def craatic r . ttcuever,  it  should  be  noted  that 
the  value  cf  hardness  depends  net  ccly  cn  the  properties  of  aaterial, 
but  it  is  determined  tc  a considerable  extent  by  method  and  the 
conditions  of  measurement.  The  values  cf  hardness  of  one  and  the  sane 
material,  measured  by  different  methods,  aan  substantially  be 
distinguished  and  even  possess  diflerent  d i ie ns icnalit y. 

The  existing  methods  cf  measuring  the  hardtess  at  elevated 
temperatures  it  is  possible  tc  divide  into  tve  groups: 

1)  static  ones  (methods  of  the  indentation  of  tip,  abrasion, 
mutual  indentation,  one-sided  sclidif icaipr)  ; 

2)  dynamic  (methods  of  impression,  elastic  come-back, 
oscillation  of  pendulum). 

The  principles  on  khiefa  are  instituted  these  methods,  are 
mell-Knovn. 
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Scattering  the  results  of  measuring  the  hardness  by  dynamic 
methods  at  high  temperatures  is  sufficiently  great;  therefore  it  is 
difficult  to  speak  about  the  possibility  of  the  wide  utilization  of 
these  methods. 

Here  recently  undertaken  attempts  to  aeasure  the  dynamic 
hardness  of  materials  at  high  temperatures  kith  the  method  of  elastic 
ccme-kack  (Shor's  method)  (101,  103].  The  aebie vcd/reached  maximum 
temperatures  compose  18C0°C  [102]  ai;d  2580°C  [104]. 


Page  148. 

However,  in  spite  of  the  development  of  new  experimental  means  and 
procedures,  dynamic  metlcds,  itcluding  Shor's  aethod,  make  it 
possible  as  before  to  obtain  ctly  qualitative  evaluation  of  a change 
cf  the  hardness  of  different  materials  in  tie  heated  state. 

Hidest  use  received  the  static  methods  of  measuring  the 
hardness.  Amoqg  them  both  at  low  cres  and  at  high  tesperatures 
prevail  the  methods  of  the  indentation  cf  indentor  with  tip  in  the 
form  of  ball/sphere,  cone  or  pyramid. 
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The  majority  of  the  given  in  the  literature  results  of  Measuring 
the  hardness  of  ae tals  and  alloys  at  high  teaperatures  (to  1650°C)  is 
cbtaiaed  by  the  aethod  cf  the  static  indentation  of  tip  in  the  fora 
cf  correct  tetrahedral  pyraiid  Mitt  tie  angle  cf  136  deg.  between 
opposite  faces  [62,  107-111], 


I.  N.  Khrushchov  [112]  it  recoaaencs  tc  accept  the  indentation 
cf  pyraaid  as  the  basic  aethod  of  the  hardness  test  of  naterials, 
since  it  is  applicable  to  tie  laterials  of  cny  hardness. 


iithout  indentor  is  deterained  the  hardress  via  autual 
indentation  and  one-sided  sclidif icaticn  [16].  These  Methods  are 
especially  effective  at  very  high  teaperatures. 

The  aethod  of  mutual  indentation  consists  in  the  compression  of 
two  speciaen/saaples  of  tested  aaterial  and  the  leasurenent  of  the 
cbtaiaed  inpression.  Most  ccnvenient  proved  to  be  the  cylindrical 
fora  gf  speciaen/saaples;  however,  it  is  possible  to  apply 
speciaen/samples  and  another  fern.  Are  possible  two  methods  of  the 
arrangement  of  the  speciaen/saaples:  mutually  perpendicular  and 
parallel. 

The  aethod  of  mutual  indentaticn  is  applied  for  measuring  the 
hardness  of  refractory  ccapcunds  at  teaperstures  to  2100°C  [113]. 

| 

J 

1 
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Bcr  hardqess  test  frca  the  method  cf  one-sided  flattening 
cpnical  speciaen/saaple  Kith  tfce  angle  cf  170  deg.  at  aper/vertex 
they  flatten  with  the  aid  of  flat/plane  punch/male  die,  is  aeasured 
the  area  of  the  flat/plane  impression,  which  was  being  formed  as  a 
result  of  flattening.  Cc  the  value  cf  hardness,  they  judge  by  the 
ratio  cf  load  to  the  area  of  flattening. 

funch/male  die  for  cne-sided  flattening  must  be  Bade  froa  the 
material  whose  hardness  at  high  temperatures  is  knowingly  higher  than 
the  hardness  of  test  specimens. 

The  aethods  of  mutual  indentation  and  cre-sided  flattening  are 
similar.  To  the  advantages  cf  last/latter  method,  one  shoald  relate 
its  high  productivity  ard  tie  double  saallcx  expenditure/consumption 
cf  specimen/samples  (in  comparison  with  mutual  indentation). 

The  fundamental  characteristics  of  the  methods,  used  for 
■easuring  cf  static  hardness  at  temperatures  higher  than  1000°C,  with 
references  to  literary  sources  are  given  ia  T’atle  17. 
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Cages  149-152. 


Table  17.  The  fundaaental  characteristics  c t the  procedures  of  the 
■easureaent  of  the  static  hardness  of  aaterials  at  temperatures  are 
higher  than  1000°C. 
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Key:  (1).  Authors  of  procedure,  yerr,  work.  (2).  Range  of 
temperatures,  °C.  (3)  Method  of  dcterainaticn  (static  hardness  or 

• icrohardness) . (4).  Hediua  for  protection  trci  oxidation.  (5). 
Material  of  experiment.  (6).  lead  hi  (kg.).  (7)  . fielding  tine  under 
load.  (8).  Room.  (9).  Hardness,  by  indentation  cf  Tickers's  diamond 
pyramid.  (10).  Nonferrous  metals,  ferrous  metals.  (11).  s.  (12).  I. 
Engl.,  I.  Felmer,  1936,  [114].  (13).  Hardness,  by  indentation  of  cone 

kith  ingle  of  120°  at  apex/iertex.  (14).  arc  alleys.  (15)*  min.  (16). 
fi.  G.  Lozinskiy,  M.  T.  Gudtsov,  N . A.  Ecgdanov.  (17).  Hardness,  by 
indentation  cf  Vickers'  diamond  and  sapphire  pyramid.  (18).  Vacuum 

I. 33  NN/m2  (10~s  mm  Hg)  . (19).  Metals,  steels,  hard  alloys.  (20). 
usually.  (21).  R.  F.  Daxagal,  0.  1.  Johnson.  (22).  Hardness,  by 
indentation  of  diaaond  pyramid.  (23).  Inert  cas.  (24).  silicon.  (25). 

J.  H.  Westbrook.  (26).  Ricrchar dness,  by  iidectation  of  Vickers' 
sapphire  pyramid,  indenters  of  egual  types.  (27).  Vacuum  2.66  sn/m2 

( 2 • 1 0 — ^ mm  Hg)  . (28).  fletals,  minerals,  carbides.  (29).  S.  I.  Gubkin, 
B.  I.  lamilin.  (30).  Hardness,  by  indentation  cf  Vickers'  nicrolytic 
pyramid.  (31).  Fusion/melt  cf  slag.  (32).  Steels.  (33).  A.  1. 
Eetaneli.  (34).  Hardness,  by  indentation  of  cone  with  angle  of  136° 
cf  alley  of  mark/brand  IsH-232.  (35).  Steels,  hard  alloys.  (36).  H. 
Senchisen,  C.  C.  Torgerscn.  (37).  Eardgess,  by  indentation  of 
Vickers'  sapphire  pyramid.  (38).  Vacuum  or  inert  gas.  (39).  alloys. 
(40).  G.  V.  Bokuchav.  (41).  flicroh ar dness,  by  indentation  of  Vickers' 


DOC  * 78133005 


E AGE  -7-4- 


diamond  pyramid.  (42).  Fubir,  sapphire,  carbide  of  silicon.  (4  3).  H. 
G.  Leiinskiy,  V.  S.  Hit ctvciskiy.  (44).  Bicrcha rdness,  by  indentation 
c#  Tickers'  sapphire  pyiaiid.  (45).  G.  C.  Gomel,  tocl  of  firm  Mdu 
Eont"^  1959  [109].  (46).  Hardness,  ty  irdertaticn  of  sapphire 

pyramid.  (47).  Niobium.  (48).  and.  (49).  J.  B.  Westbrook.  (50). 
Eicrohardness,  by  indentaticn  cf  Vickers'  sapphire  pyramid.  (51). 
Vacuum.  (5  2).  Quartz,  molybdenum.  (53).  V*  I.  Ecrisenko.  (54).  from 
10  s tc  1 h,  usually.  (55).  Hardness,  ty  indentation  of  Vickers's 
pyramid  from  diamond,  carbice  cf  boron  and  bis  alloys.  (56).  or  inert 
gas.  151).  Carbides.  (56).  Eardness  by  netted  of  one-sided  flattening 

n 

cf  conical  specimen/sanple.  (59).  C.  S.  Ivanov,  with  cowcrkers.  (60). 
niobiim  fusions.  (61).  V.  A.  Shapcchkin.  (62).  Hardness  it  is  similar 
[58,  f.  230;  130],  by  indentaticn  cf  Vickers'  sapphire  pyramid.  (63). 

sax.  load.  (64).  By  method  cf  one-sided  flattening  of  conical 
speciaen/sample . (65).  inert  gases  and  vapers  of  alkali  metals.  (66). 
A.  A.  Kul'takh,  V.  M.  Shcbavelin,  E.  A.  Hakarycbev,  Yu.  G*  Godin,  N. 
A.-  Yevstyukhin.  (67).  Hardness  it  is  similar  [56,  p.  230;  130]  by 
indentation  of  Vickers'  sapphire  pyramid.  (68)  . M(N/m2  vacuum 
1.0~*-lC-s  mm  Hg.  (69).  Frcm  5 (0.5)  to  100  (10)  through  50  n (0.5 
kgf).  (70).  From  40  s it  is  more,  csually  1 min.  (71).  By  method  of 
cne-sided  flattening  of  conical  spccimen/saiple.  (72).  G.  S. 
Pisarenko^  V.  N . Skuratcvskiy,  V.  I.  Bcriserko.  (73) . Bicrohar dness, 
ty  indentation  of  Vickers'  sapphire  pyramid.  (74).  From  0*05  (0.005) 
to  5.0  (0.5),  usually  C.5  (C.05)  and  C.7  (C.C7).  (75).  By  indentation 
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cf  Vickers'  pyramid  from  dianord,  carbide  cl  fccton  and  his  alloys. 
(76) . A.  G.  Atkins,  0.  Taber.  (77) . Hardness  by  aethed  of  mutual 
indentation.  (78).  To.  (79).  E.  D.  Kesterj  £.  E . Hoak.  (80). 
Hardness,  by  indentatior  of  pyraaids  of  Vickers  and  Knoop  froa 
djaaond,  carbide  of  boron  acd  carbide  cf  tantalum.  (81).  Vacuum  or 
inert  gas.:  (82).  Borides,  oxides,  carbides.  (€3).  it  is  sore 
frequent. 


Eage  153. 

Procedure  and  settings  cp  for  the  bardqess  test  cf  aaterials  at 
teaperatures  to  3000°C. 

Op  to  present  tine  the  temperature  of  the  tests  of  hardness 
reached  only  1900°C  [11C,  114],  Therefore  fer  studying  the  hardness 
of  aaterials  at  temperatures  to  3000°C,  it  mas  necessary  to  design 
settings  up  aqd  to  develop  the  procedures  which  would  aake  it 
possible  substantial  to  increase  aeasuriqg  temperature. 

For  the  hardness  test  cf  high-aelting  aaterials  at  high 
teaperatures,  we  utilized  a aethod  of  the  static  indentation  of 

I 


— ■ ~ . TTT-—  - J 
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iadentcr  in  the  fora  of  correct  tetrahedral  pyramid  with  the  angle  of 
136  deg.  between  opposite  faces  (according  tc  GCST  2999-59)  at 
temperatures  of  20-2000°C  and  a aethod  cf  cce-sided  solidification  of 
conical  speciaen/saaples  with  the  angle  of  12C  deg.  at  apex/vertex, 
which  proved  to  be  conveniect  for  even  higher  temperatures  (to 
30C0°C) . 

Hardness  number  according  to  the  aethcd  cf  the  static 
indentation  of  pyranidal  indentor  (according  tc  GOST  2999-59)  is 
defined  as  nean  pressure,  MH/a2  (kg/mm2),  ever  area  of  indentation 
froa  the  foraula 

HV=^r=  tZjp1  *=  1,8544-p-  AUf/a*  (kg/na2)  (4.1) 

where  P - load  on  specinen/sample,  transferred  through  the  pyramidal 
indentor,  Hn (kgf) ; 

I - surface  area  of  pyramidal  iapressicc,  a2  (an2); 

2 i - angle  between  the  opposite  faces  cf  pyramid  (136  deg.); 

k - arithaetic  near  cf  ttc  lengths  of  two  diagonals  ?f 
impression,  a (mm)  . 
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impressions  with  tie  indentation  of  pyramid  are  geoaetrically 
siiilar;  therefore  durirg  tbe  measurement  ci  hardness  by  this  wethod 
are  observed  the  conditions  of  nechanical  similarity  and  test  results 
do  not  depend  on  the  value  of  lead  E. 


Experimental  data  ccnfirs  that  the  hardness  according  to  the 
■ethod  cf  implementing  the  pyramid  does  not  depend  on  load  with  P>10 


tl  (1  igf). 

In  accordance  with  the  most  widely  used  procedures  of  the  study 
of  high-temperature  hardness  acd  sc  that  the  obtained  results  it 
would  be  possible  to  ccipare  with  experimental  data  ether  authors, 
the  lgad  on  speciaen/sai pie,  transferred  through  the  pyramid,  was 
accepted  egual  to  9.81  fe/  (1  kgf),  the  time  ci  hclding  of 
spccimen/sample  under  lead  - 1 sin,  the  tiie  of  holding  cf 
speciaen/sample  at  the  assigned/prescrifced  temperature  before  mating 
tbe  first  impression  - 3-5  min. 
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For  testing  of  the  correctness  of  the  selection  of  the  duration 
cf  loading,  were  carried  out  the  tests  of  tungsten  of  the  aark/brand 
cf  VHN  and  aolybdenua  of  the  aark/trand  of  t!BN  in  the  work-har dened 
states  The  hardness  are  aeasured  during  the  setting  up  of  UVT  by  the 
aethod  of  the  static  indentation  cf  pyranidal  sapphire  tip  with  20 
degrees,  940,  1310  and  16C0°C  and  the  holding  of  speciaen/saaple 
under  load  10*  20,  30  s and  1,  2,  3,  5,  10  iin.  Load  on 
speciaen/sanple  in  all  cases  is  9.81  N (1  kgf) . 


lest  results  are  represented  in  Fig.  116  atd  117.  They  attest  to 


the  fact  that  a sharp  i rcide nce/dr c p in  the  hatdness  proceeds  with  an 
increase  in  the  tine  of  loading  frea  10  to  30  s,  noreover  with  the 
increase  of  teaperature  the  absolute  value  cf  a reduction  in  the 
hardness  is  decreased.  At  160Q°C  occurs  the  insignificant  snooth 
decrease  of  hardness  with  the  increase  of  the  hclding  tire  under 
load. 
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Fig.  116.  Dependence  of  the  hardness  of  aolyfcdenun  on  the  tine  of 
loading  at  different  temperatures. 


Key:  fl).  H,  BN/a2  (kg/ns2) . (2)  tin 
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Dependence  of  the  hardness  of  tungsten  on  the  tine  of 


loading  at  different  teiperatures 
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With  the  subsequent  increase  in  the  duration  of  load  from 
30  s to  10  min,  the  hardness  decreases  monotonically  for  all 

temperatures . 


Thus,  the  holding  tise  under  load  sust  be  selected  taking  into 
account  the  speed  of  the  softening  of  the  ictal  being  investigated  at 
testing  teaperature. 


Are  valid  the  propositions  of  a nuaber  cf  the  authors  [115,  116] 
about  the  need  for  the  standardization  cf  tie  duration  of  loading.  It 
is  obvious,  standard  tiie  of  holding  nust  correspond  to  the  nonotonic 
segnent  of  a curve  of  the  tine/teaporary  dependence  cf  hardness  at 
lean  tenperatures  of  this  laterial  testing.  To  this  condition 
corresponds  well  teaperature  of  16C0°C  (averace  for  interval  of 
2C-3000°C)  and  the  duration  of  loading  1 air. 

As  can  be  seen  froi  table  17,  this  duration  of  loading  accept 
»any  researchers. 


Per  explaining  the  effect  of  the  value  of  lead  on  hardness,  are 
carried  out  the  tests  of  the  work- hardened  iclybdenua  with  20  degrees 
and  1800°C  and  loads  1.S62;  4.SC5;  6. £67?  9*81;  14.715,  19.62; 


1 

I 

i 


29.43;  49.  05  and  98.1  N (0.2;  0.5;  0.7;  1.0;  1.5;  2.0;  3.0;  5.0  and 
10  kgf)  (Fig.  118  and  119).  The  duration  cf  loading  is  1 ain. 
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load  with  20°C 


Key:  ,(1).  H,  MB/a*  (kg/aa*)  . (2).  P 


ism  v 


< isjsm  sum  twd  ssjkw 

* wp.*  r*n 

Dependence  of  the  hardness  of  aolybdetua  on  the  value  of 


load  with  1600PC 


Key:  <1).  H,  BN/w*  (kg/aa*) . (2).  E , N(kgf) 


As  already  nentioncd,  according  tc  aaty  experimental  data,  the 
hardness  according  to  the  aethcd  of  static  indentation  (indentor  in 
the  fora  of  cone  or  standard  pyraaid)  does  not  depend  on  load  with 
F>9.81  0 1 (1  kgf)  ( aacro tar dress) . However,  during  the  aeasurements  of 
the  aicrohardness  [P<9.81  ft I (1  kgf)]  were  reveal/detected  deviation 
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from  the  law  of  similarity  tctb  to  the  side  of  increase  and  to  the 
side  Qf  a reduction  in  the  microtia idness  with  the  d'  :rease  of  load 


Conducted  investigations  do  net  give  single-valued 
answer/response  to  a question  concerning  hew  influences  load  on  the 
value  of  nicrohardness;  therefore,  until  net,  there  is  no 
satisfactory  explanation  to  dependence  of  iicr ohardness  on  the  value 
of  load  [ 120-126], 

Data  our  experiments  (see  Fig-  118)  attest  to  the  fact  that  the 
hardness  of  the  work-hardened  molybdenum  at  reel  temperature  with  the 
decrease  of  load  from  98.1  to  9.81  hi  (from  10  tc  1 kgf)  does  not 
depend  on  the  value  of  load.  Durinc  further  decrease  of  load  from 
9.81  tc  1-962  W (from  1 to  C.2  kgf)  the  hardness  grow/rises.  In 
accordance  with  Fig.  118  transition  frem  the  range  of  macrohardness 
into  the  range  of  nicrohardness  occurs  with  lead,  somewhat  smaller 
6.867  M (0.7  kgf). 

It  is  interesting  to  trace,  where  is  misaligned  this  transition 
at  high  temperatures.  At  1600°C  is  observed  its  displacement  to  the 
side  gf  higher  loads  - transition  begins  with  P* 29-43  N (3  kgf)  (see 
Fig.  119),  during  further  decrease  of  lead  hardness  smoothly 
grow/rises. 
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From  giver  data  it  fellows  that  for  the  observance  of  similarity 
conditions  during  the  measurement  cf  hardness  at  high  temperatures  it 
is  expedient  to  increase  loads  cn  indentor. 

Before  the  deposition  cf  impression  s pecimen/sample  and  the 
indentor  was  placed  at  a distance  *1-2  mm  one  from  another  are  heated 
to  identical  radiation  temperature  from  tape/strip  tungsten  heater. 
Thus,  the  maximum  temperature  cf  testing  depends  on  the  material  of 
tip. 

is  the  tip  of  indentor  for  the  measurements  of  hardness  at 
temperatures  higher  than  1100°C#  utilize  sirgle  crystals  of  synthetic 
corundum  (sapphire  A1203).  1 establish/instclle d that  the  sapphire 
tip  works  well  to  1760°C,  but  already  at  somewhat  higher  temperature 
(~18O0°C)  occurs  the  flattening  of  tip. 

The  utilization  of  a method  of  static  indentation  for  measuring 
cf  hardness  at  temperatures  higher  than  17€C°C  will  require  the 
search  of  new  solid  high-melting  materials  for  manufacturing  the 
indentor.  The  results  of  the  specially  conducted  investigations  will 
show  that  for  the  tests  of  the  hardness  of  high-melting  carbides  at 
temperatures  to  2000°C  it  is  possible  to  utilize  indentors  from 
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carbide  of  boron  B4C,  ard  also  a nuiber  of  ether  carbides  [121,  122] 
and  of  alleys  on  tbeir  tasis. 


with  an  increase  in  the  temperature,  sharply  grew/rises  rate  of 
evaporation  of  the  materials  cf  heater,  sgecimen/saople,  housing  of 
indentcr,  heat  shields. 

Page  157. 


For  example,  with  an  increase  in  the  temperature  from  1730  to  2530°C 
rate  of  evaporation  of  tungsten  grow/rises  5,CCC,000  times  (with 
5.3*10-*  to  2.7*10— 1 mg/cm*«h)  [123].  Vapori2ation  leads  to  the 
formation  of  the  metallic  film  of  condensate  cn  the  surface  of 
inden£or.  This  film  introduces  errers  during  the  measurement  of 
hardness  and  is  caused  the  ►grasping"  of  tip  with  specimen/sample. 


Thus,  temperatures  on  the  order  of  20CC°C,  apparently,  are 
maximum  ones  for  applying  the  method  of  static  indentation.  For  the 
hardness  test  of  materials  at  temperatures  cf  2000-3000°C,  is 
necessary  fundamentally  different  method  of  its  measurement.  It  was 
establish/installed  that  most  satisfactcry  results  gives 
application/use  of  a method  of  the  one-sided  flattening  of  conical 
specimen/sanples,  developed  in  the  institute  cf  the  problems  of  the 
strength  of  AS  OkSSR. 


— 


■ - 
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However,  the  aethod  of  the  static  iqdentation  of  indentor 
possesses  high  accuracy/precisicn,  productivity  and  requires  the 
saa.ll  consumption  of  aaterial.  For  example,  for  obtaining  the 
teaperature  dependence  cf  the  hardness  cf  high-melting  material  in 
interval  of  20-2000°C  during  the  deposition  of  three  impressions 
through  every  100  deg  is  sufficient  to  have  only  one  specinen/saaple 
8 an  in  diameter  5 am  it  high;  the  duration  cf  this  testing  during 
our  setting  up  of  UTT  composes  not  acre  than  6 h. 

Therefore  for  measuring  the  hardness  cf  fcigb-nelting  materials 
in  the  range  of  temperatures  of  20-300Q°C,  is  recommended  the 
ccmbining  of  both  of  methods:  static  indentation  - at  20-2000°C  and 
cne-sided  flattening  - at  1150-300 0°C. 

For  hardness  test  from  the  method  of  static  indentation,  utilize 
the  specinen/sample,  having  the  form  of  cylinder  8 m in  diameter  5-7 
■a  in  high,  oqe  of  end/faces  of  which  fcr  testing  according  to  the 
method  of  one-sided  flattening  additicrall;  ccne  with  apex  angle  120 
deg.  {Fig.  120)  . 

. 

1 1 

Fcr  hardness  test  from  the  method  of  cne-sided  flattening  at  the 
elevated  temperatures  in  the  literature  [18,  115,  124]  usually  is 
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given  the  schematic  of  testing  (Fic.  121),  which  has  a number  of 
deficiencies  and,  obviously,  is  not  suitable  for  high  teaperatures. 
First,  speciaen/saaple  has  comparatively  ictricate  shape  and  it  it  is 
technologically  difficult  tc  aanufacture  free  brittle  aaterial.  In 
the  second  place,  the  tightly  attached  speciien/saaple  after  heating 
tc  consideiable  temperature  it  is  very  difficult  to  recover  froa 
holder.  During  the  utilization  of  the  schesatic  indicated  the  testing 
unit  will  be  unproductive,  since  it  is  not  passible  to  design  sinple 
and  reliable  attachment  for  the  exchange  of  spcciaen/saaples  directly 
in  setting  up. 


In  order  to  create  siaple,  highly  productive  and  convenient  in 
work  setting  up,  it  will  be  necessary  tc  chsnce  the  schematic  of 
testing. 


Eage  158, 


The  new  schematic  of  testing  (Fig.  122)  does  not  have  the  enumerated 
deficiencies  and  it  makes  it  possible  to  increase  the  temperature  of 
hardness  tests  from  1850  tc  30Q0°C. 

» 

] 

Hardness  number  according  to  the  methed  of  the  one~sided 


flattening  of  conical  samples  they  determine  as  mean  pressure  over 
the  area  of  indentation  of  the  flattening: 


f 


I 
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where  P - the  load  on  speciaen/san pie,  transferred  by  punch/eale  die, 
/v\f/  (k.g f ) ; F - surface  area  cf  the  iapressicn,  which  is  generated  as  a 
result  of  the  flattening  cf  the  conical  apex/vertex  of 
speciaen/saaple,  a2  (an2)  ; d - the  aean  diaaeter  of  iapression,  a 
(■■)  • 


toad  cn  speciaen/saaple,  E,  transferred  by  punch/aale  die,  are 
accepted  equal  to  49.05  H (5  kgf) , the  bolding  cf  speciaea/sanples 
under  load  1 ain. 

Hellok  [124,  127]  established  that  the  hardness,  neasured 
according  to  the  aethod  cf  cne- sided  flattening,  with  P=4. 905-49.05  N 
(0.5-5  kgf)  does  not  depend  on  load. 

In  the  process  of  heating  speciaeg/saiplc  and  punch/aale  die 
between  thea,  also  establish/install  distance  by  1-2  aa,  which  wakes 
it  possible  to  heat  then  to  identical  teaperature. 


Per  the  hardness  test  of  tungsten  as  the  aaterial  of  punch/aale 
die,  are  applied  carbides  cf  tantalua  and  xirccfiua,  and  also  alloy 
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of  carbides  of  hafnium  and  tantalui  in  relaticnship/ratio  1:4.  Por 
the  hardness  test  of  molybdenum  and  niebiua  the  punch/male  die  is 
prepared  from  tungsten.  Figures  123  shows  indentor  (1)  and  two  forms 
of  punch/male  dies  with  flat/plane  polished  end/face  (2,  3). 

i 

High-melting  carbide  compourd  in  tie  form  of  stall  cylinders  8 mm  in 

lb 

diameter  and  12-26.  mm  ic  high  is  fastened  tc  tungsten  holder  with  the 
aid  of  tungsten  insert  (3). 

i 

I 


! 

I 


i 

» 


r • 


4“ 
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Fig.  120.  Speciaen/saaples  for  testing  the  hardness:  1 - according  to 
the  aethod  of  the  static  indentation  of  indentcr;  2 - according  to 
the  aethod  of  one-sided  flattening. 


Fig.  121.  The  scheaatic  of  hardness  test  by  the  aethod  of  the 
cne-sided  flattening:  1 - punch/aale  die;  2 - anvil;  3 - 
s peci Ben/san pie. 


Eage  159. 


The  ccaparison  of  the  data  on  the  hardness  of  tungsten, 
aolybdenum  and  niobiua  (tables  18)  shove  that  at  the  high 
teaperatures  tungsten  is  apfroxiaately  3 tines  harder  than  the 
aolybdenun  and  considerably  harder  than  the  niobiua.  Therefore 
tungsten  can  be  utilized  for  aanuf acturiag  the  punch/aale  dies  during 

J 

testing  of  aolybdenua  ard  niobiua. 

Figures  124  gives  aeasureaent  data  of  the  hardness  of  tungsten 


and  aolybdenua  according  to  tvc  aethcds.  Bach  value  of  hardness. 
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obtained  with  static  indentation,  presents  average  six  - nine 
■easurenents  in  three  speciaen/saaples,  bat  Kith  one-sided  flattening 
- average  two-three  aeasureaents. 


i 


Fig.  122.  The  new  schematic  of  testing  conical  specimen/ samples 
according  to  the  method  of  the  cne-sided  flattening:  1 - punch/male 
die;  2 - stand;  3 - specimen/sample. 

Fig.  123.  Indentor  (1)  and  two  feras  of  pucch/aale  dies  (2,  3)  used. 

Tables  18.  Hardness  of  seme  refractory  metals  at  high  temperatures. 


(D 

TcMDcpiryp*. 

1 V TttpxocTt,  Mull «•  (kT/mm*) 

•c 

l 

! 

* 

Mnti« 

^1 nM 

1560 

1750 

2000 

2500  * 
3000 

525  (53,5) 
410  (41,8) 
167  (17,0) 
71,6  (7.3) 
46,1  (4.7) 

172  (17,6) 
126  (12,9) 
65.7  (6.7) 
22,5  (2.3) 

102  (10,4) 
50.0  (5.1) 
10.8  (1.1) 

Key:  fl).  Temperature,  °C.  (2).  Hardness,  EK/m*  (kg/mm*)  . (3) 

tungsten.  (4)  molybdenum.  (5)  niobium. 
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The  results  of  neasuring  the  hardness  via  cne-sided  flattening 
and  static  indentation  coincide  veil  (Fig.  124}.  Let  us  try  to 
explain  how  caused  the  coincidence  of  test  cesults  according  to  both 
■ethods. 


Usually  static  hardness  they  characterize  fcy  the  ratio  of 
vertical  load  to  the  sucfacc  acea  cf  iapressicn.  Another  aethod, 
proposed  by  Meyer,  but  those  not  obtained  wide  acceptance,  is  the 
calculation  of  hardness  acccrding  to  the  projected  area  of 
iapression.  This  hardness  cells  hardness  according  to  Meyer  and 
designate  HM. 


Per  tips  in  the  fora  of  the  regular  pyraaid  or  cone  with  any 
apex  angle,  average  contact  pressure  or,  in  ether  words,  aean 
pressure  on  the  lateral  surface  of  the  extruded  by  then  iapression  is 
egual  to  hardness  according  to  Meyer,  i.e.,  to  the  ratio  of  vertical 
force  to  the  projected  area  of  iapressicn. 


Thus,  hardness  during  its  ccaputation  using  Meyer's  aethod 
acquires  the  physical  sense  of  average  contact  pressure.  The  values 
cf  vickers  hardness  (HV)  and  according  to  Erinell  (HE),  the  coaputed 
ty  surface  area  of  iapressicn,  dc  cot  have  physical  sense  [99,  118]. 


The  fact  that  the  hardness  test  according  to  Vickers  and  Brinell 


Jll 
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Mill  receive  wide  distribution,  apparently,  it  is  explained  by  the 
inadequacy  of  the  theoretical  substantiaticc  of  the  methods  of 
Measuring  the  hardness  accepted.  For  example,  there  is  no 
full/total/coaplete  solving  of  the  preblea  cf  precise  distribution  of 
stresses  and  strains  arcund  the  impressions  cf  different  forms. 
Furthermore,  during  the  calculation  of  hardness  is  not  considered  the 
effect  of  the  bulge  of  the  surface  of  s peciaen/sample  in  the  zone  of 
impression. 

It  is  possible  to  show  that  between  the  values  cf  Vickers 
hardness  and  according  to  Heye;  there  is  a relationship/ratio,  which 
for  the  case  of  tip  in  the  fora  of  correct  tetrahedral  pyramid  with 
the  angle  between  opposite  faces  136  deg.  keeps  the  fora 
HV = HM  sin  = 0.9272//M.  (4.3) 

Eet  us  examine  the  effect  of  the  bulge  of  the  surface  of 
speciaen/3ample  in  the  zone  of  impressicq.  Ibis  phenomenon  is 
unavoidable,  so  kA  it  is  pcssible  to  count  that  during  plastic 
deformation  the  volume  cf  material  is  net  virtually  changed.  Strictly 
speaking,  assertion  about  the  invariability  of  volume  is  correct  with 
high  degree  of  approximatic n. 
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Fig.  124.  Comparison  of  the  temperature  dependences  of 
cf  tungsten  and  molybderum,  obtained  by  the  methods  of 
indentation  of  indentor  (1)  and  of  cne-sided  flattening 


the  hardness 
the  static 
(2). 


Key:  (1).  H,  flli/m*  (kg/i a2) . 
Page  161. 


Usually  during  plastic  defcrmaticn  material  density  first  increases, 
and  then  with  an  increase  in  tie  degree  of  deformation,  it  falls.  A 
reduction  in  the  densitj  to  0. 5o/o  they  observe  after  rolling  with 
reduction  90o/o  [128], 


4 

I 


\ 


Kheddou  and  Johnson  [121]  based  on  the  example  cf  the 
indentation  of  pyramid  ttey  theoretically  shewed  that  the  account  of 
bulge  noticeably  decreases  the  valve  of  hardness.  For  the  hardness, 
calculated  according  to  Meyer  taking  into  account  (//M.un)  and  without 
taking  into  account  of  bulge  (HM)  , is  ccrrect  the  relationship/ratio 
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With  the  indentaticn  cf  pyramid  the  material  of  speciaen/saaple 
is  swelled  upward  along  the  faces  cf  pyraaid.  Maximum  bulge  occurs 
near  the  middle  of  the  sides  of  impression.  Unlike  the  aethod  of  the 
indentation  of  the  ball/sphere  when  bulge  increases  the  diameter  of 
iapression  and  therefore  tc  a certain  extent  it  is  considered  during 
the  routine  calculation  of  hardness,  during  indentation  test  of 
pyraaid  the  size/diaensicns  cf  the  diagonals  cf  impression  are  not 
virtually  changed  and,  therefore,  the  existing  xethods  of  calculation 
cf  hardness  Vickers  and  Neyer  bulge  are  qct  ccapletely  considered. 
Calculation  shows  that  the  hardness  according  tc  Neyer,  calculated 
with  the  aid  of  formulas  (4.3)  and  (4.4)  upcn  consideration  of  the 
effect  of  bulge  with  accur acy/prec isic n 1*€c/c  is  equal  to  the  value 

cf  vickers  hardness,  i.e. 

HV  = HMmm.  (4.5) 

Thus,  it  is  turned  out  that  taking  into  account  bulge  the 
vickers  hardness  acquires  the  sense  of  average  ccntact  pressure. 
Therefore  fornula  (4.1)  for  computing  the  vickers  hardness  can  be 
recorded  as  follows  [119]: 

HV  = 1 .8544  = 0,9272  = 0.9272//jW  — KHM . (4.6) 

where  K - the  coefficient,  which  considers  the  bulge  and  other 
phenomena  (for  example,  fricticn)  , also,  in  the  first  approximation, 
equal  to  0.9272. 
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During  hardness  test  from  the  method  of  cne-sided  flattening, 
are  measured  the  diameters  cf  impressions  with  the 
full/total/complete  account  of  bulce  and  the  hardness  it  also 
acquires  the  physical  sense  of  average  contact  pressure. 


Consequently,  the  coincidence  of  the  results  of  the  test  of 
hardness  by  the  methods  of  indentation  and  cne-sided  flattening  (see 
Fig.  124)  is  explained  by  the  fact  that  in  loth  cases  was  determined 
cne  and  the  same  physical  characteristic  of  material,  not  depending 
on  the  method  of  testing. 

For  studying  the  hardness  of  aaterials  at  high  temperatures  we 
have  created  two  special  settings  vp:  OVT  [130]1.  and  U^/f-2  [152;  30, 
s.  7]*. 

FCCTNOTE  ».  V.  A.  Borisenko.  Author's  Certificate  No  161135.  Bulletin 
cf  inventions  and  trade  marks.  1964,  No  4,  p 47; 

8.  V.  A.  Borisenko.  Author's  certificate  No  179973.  Inventions, 
specimen/samples  and  brands,  1966,  No  6,  p 45.  ENDFOOTNOTE. 

j 
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Id  the  setting  up  of  UVT,  the  hardress  is  aeascred  in  inert  medium, 
while  into  OVT-2  - both  in  the  inezt  medial  and  in  vacuum  ( "there 
is  an  automated  version  of  last/latter  setting  up  - (UVT-2M) . 


Settings  up  are  intended  for  the  analysis  cf  the  hardness  of 
materials  in  the  range  cf  temperatures  of  2C-30C0°C  fcy  both  methods 
(intervals  of  the  application/use  cf  each  cf  the  methods  mill  be 
shown  earlier)  . 


For  the  protection  of  specime c/samples  and  heater  from  oxidation 
in  the  setting  up  of  UVT,  are  utilized  the  purified  inert  gases 
(argon,  helium)  with  overpressure  20  kN/m2  (0.  1S6  bar),  which  makes 
it  possible  to  decrease  (in  cciparison  with  high  vacuum)  the  intense 
vaporization  of  the  materials  cf  the  specimen/sample,  heater  and 
ether  parts.  In  installaticns  UVT-2  and  UVT-2M  the  hardness  is 
measured  in  vacuum  and  aedium  cf  inert  gases  with  overpressure  to  78 
kH/m2  (0.78  bar). 

is  the  material  of  radiaticn  heater,  was  selected  the  tungsten. 
Mas  made  the  heater  of  special  fori  (Fig.  125)  without  grooves  and 
hcles.  The  selection  of  this  ccnstzuction/design  will  ensure  the 
stable  operation  of  heater  at  temperatures,  clcse  to  melting  point  of 
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tungsten;  the  reliability  ci  electrical  ccctact  and  fastening  heater 
to  current  supplies;  reducing  tc  the  micimua  of  the  thermal  stresses 
in  heater;  the  possibility  cf  the  pyrcmetric  check  of  the  temperature 
cf  specimen/sample  , indentor  and  heater,  and  also  the  reliable 
thermal  screening  of  heater. 

General  view  and  the  technical  characteristic  of  the  setting  up 
cf  OVT  are  given  respectively  to  Pig.  126  acd  into  tables  19.  The 
tlcck  diagram  of  the  setting  up  of  UVT  is  given  to  Fig.  127. 

Tool  for  measuring  the  hardness  is  basic  part  of  the  setting  up 
cf  UV9.  Its  schematic  diagram  is  given  to  Fig.  128.  Tool  is  placed 
into  the  steel  water-coded  vacuum  camera/chamfcer  with  double  walls, 
which  after  pumping  out  preliminary  pump  of  the  type  RVN-20  (through 
branch  9)  is  filled  with  the  purified  inert  gas  to  the  required 
overpressure.  The  camera/chamber  ccrsists  cf  horsing  2 and  basis/base 
1.  In  it  are  mounted  basic  codes  - system  cf  heating,  system  of 
indentcr,  device  of  supply/feed  and  loading  of  specimen/samples, 
calibrating  load,  etc. 


Fig.  125.  Heater  in  settings  up 
for  hardness  test. 
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Fig.  126.  The  general  view  cf  the  setting  U£  of  UVT  for  hardness  test 
in  inert  medium  in  the  targe  of  tenperatures  cf  20-3000°C. 


Fage  164. 


Heating  system  includes  strip  heater  by  10,  manufactured  from 


1 
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tuqgsten  tin  0.3-Q.5  ■■  in  thickness,  two  ccppet  water-cooled  current 
conductor  4 with  wedge  clasps  for  fastening  heaters  and  two  piles  of 
heat  shields  - vertical  and  horizcctal  - fcci  tungsten  aolybdenua  and 
nickel  tin. 

As  already  aentioned,  teating  speciaen/sawples  is  aanufactured 
caused  by  eaission/radiaticn  ftca  the  strip  heater  of  the  special 
ccnstruction/design  (see  Fig.  125)  in  bore  20  aa  diaaeter  and  40  an 
in  height,  aanufactured  frci  laiinatcd  tungsten  0.3-0. 5 aa  in 
thickness. 


■bxs 
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Tables  19.  Technical  characteristic  of  the  retting  up  of  UVT  for  the 
hardness  test  of  naterials  in  neutral  media  in  tfce  range  pf 
tenperaturcs  of  20-3000°C. 


i 
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HinMCHOHNie  nipaueTpo. 


Pa6oMHfi  AHana30H  TeMneparvp  HcnhiTaHHfl: 

а)  no  MeTOAy  cTamMecKoro  BAaBAHBaHHH  CTaH- 
Aapmoro  nupaMHAaJibHoro  HHAeHTOpa 

б)  no  MeTOAy  oAHOCTopoHHero  cn.itowHBaHHH 
KOHHMecKoro  o6pa3ua 

H3MepeHHe  reMnepaTyp  (■»'>- 

PeryanpoBaHHe  h 3anHCb  TeMneparypbi 

_ , h) 

Pa6oqaa  cpeAa: 

HH<$THue  rasbi  (aproH,  re-fflS)  c *36utom- 
HhlM  AaBABHMCM 
Pa6oMHfi  AHanaaoH  Harpy30K 
flpHMeHseMbie  BbiAepiXKH  noA  HarpysKoA 

Pa3Mepu  o6pa3U0B:  AHaneTpXBWcoTa  ' 0) 
PervAMpoBKa  Bt.nBiHRbi  cnemeBHd  HRACHTopa  f''s 

uv 

MaKCRMBAbHOC  KOJHRCCTBO  OTneABTKOB.  RaBOCHHOe: 

а)  na  oOpasue  AHaiteTpoM  8 mm 

б)  no  OAHOft  OKpyWHOCTH 

Pa.iMepw  aoAb^paMOBoro  HarpesaTeAR:  BnyrpeH- 
HHA  AH  a MBTp  X BfalCOTB  yf 

OcHoBHoe  TpaHC(J»op»iaTopHoe  oftopyAOBaRHe: 

a»TOTPaHClt)OpM«TOP 
CHAOBOft  TPlHClt>OpHaTOP 

BaayyMHoe  ofiopyAOMHae:  {*» 

^OpUKVymnift  HBCOC 

faSapHTHwe  paanepw  ycraHOHiw:  AxnaXHmpfl- 
■a  X Bwcora 3- 


20— 2000°  C 

v> 

Ao  3000°  C 
TepMonapaMH  h lupoxeT- 

ii>  paMH 

ABTOMaTmCCKHM  noTen- 
UHOMBTPOM  3nn-09 

hs; 

0.2  *r/c*li<t 

. 1 .96 — 98,1  h (0,2 — 10,0  kT) 
i/iOi  10  cm  ao  1 * (o6m- 
r ho  60  one) 

8x(5+7)  mm 
/ij^TlAaBHaH,  or  0 ao  S mm 


(A.0 

Csume  100 
30 

20X40  mm 


PHO-2S0-10 

OCy-20/6 


PBH-20 

1500X1100X2900 


Key:  <1).  Designation  of  the  paraneters.  (2).  Technical 
specifications.  (3).  Working  temperature  range  cf  tests:  a)  according 
to  nethod  of  static  indentation  of  standard  pyraiidal  indentor;  b) 
acccrding  to  method  of  cne-sided  flattening  of  conical 
specinen/sanple . (4).  To.  (5).  Measurement  cf  temperatures.  (6). 
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Eegulating  and  recording  cf  temperature.  (7).  Becking  medium:  inert 
gases  (argon,  helium)  with  overpressure.  (6).  Operating  range  of 
loads/  (9).  Holding  used  under  lead.  (10).  Size/dimensions  of 
specimen/samples:  diameter  x heightL  (11),.  Ccnticl  of  amount  of 


displacement  of  indentor.  (12).  By  thermocouples  and  pyrometers. 
(13).  By  self-balancing  potentiometer  cf  EPE-C9.  (14)  kgf/cm2.  (15) 
1.96-98.  1 hf  (0.2-10.0  kgf).  (16).  From  10  s tc  1 h (usually  60  s)  . 
(17).  Smooth,  from  0 to  5 mm.  (18).  Maximum  quantity  of  impressions, 
applied:  a)  in  specimen/sample  8 n in  diameters  b)  in  one 
circumference.  (19).  Size/dimensions  of  tungsten  heater:  bore 

diameter  x height.  (20).  Easic  transformer  equipment: 

/(21).  Greater  than.J1 

autotransf  ermer ; power  transformer. ^(2  2)  .vacuum  equipment:  fore 
pump.  (23)  . Overall  dimensions  of  setting  up:  length  x width  x 
height. 


Fage  165. 


Entire  cycle  of  manufacture  and  exchange  of  this  heater  occupies  not 
sore  than  10  min. 


Test  specimen  is  establ ish/ins tailed  ic  the  camera/chamber  in 
stand  13.  Thermocouple  16  passes  through  drilling  in  stand  and  it 
concerns  the  basis/base  of  specimen/sample.  Kith  thermocouples  14  it 


is  possible  to  measure  the  temperature  cf  heater  in  tuo  points.  Hith 
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the  aid  of  pyroaeter  the  teiperature  of  spccisea/saa pie,  indentor, 
table  and  heater  is  aeasured  through  wirdow  3 with  quartz  glass. 

The  systea  of  indentor  ccrsists  of  built  in  into  aand rel/aount 
indentor  5,  the  holder  cf  ir.dentor  6 with  tie  bellows  seal,  device 
for  the  control  of  the  displaceaent  of  indector  and  loading  device. 

As  the  tip  of  indentor,  utilize  single  crystals  of  artificial 
sapphire  or  the  carbide  insets  (see  pg.  158),  bwilt  in  into 
■andrel/aounts  froa  pure  aclybdenua. 

During  testing  according  to  tbe  aethod  of  static  indentation  the 
axle/axis  of  the  node  cf  iqdentcr  they  aisalign  relative  to  the 
axle/axis  of  speci aen/saaple,  which  allows  via  the  rotation  of 
speciaen/saaple  around  axle/axis  after  each  iip leaentation  of 
indentor  to  apply  to  the  surface  of  speciaen/saaple  in  circuaf erence 
to  30  iapressions. 
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Fig.  127.  The  block  diagraa  of  the  setting  up  cf  OVT:  1 - 
sj ecinen/saaple ; 2 - tocl  of  the  measurement  of  hardness;  3 - fore 
pump  BVN-20;  4 - cylinder  of  inert  gas;  5 - purifier  of  inert  gas;  6 

- filters;  7 - single-phase  transformer  OSC-20/6;  8 - autotransf oraer 
RNO-250-10;  9 - contactors;  10  - electronic  pot entioaeter  EPP-09 ; 11 

- control  potentiometer;  12  - batch  of  loads;  13  - manostat;  14  - 
indicator. 
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The  device  of  the  displaceaent  of  the  indeotor  includes  disk  by  23 
with  eccentric  hole,  to  which  is  acunted  the  system  of  indentor  and 
loads.  Disk  is  placed  into  the  circular  deepening  of  housing  2 which 
is  aisaligned  relative  to  the  axle/axis  of  the  caaer a/chaaber  and 
speciaen/saaple.  Through  invoice  ring  22,  disk  is  pressed  against 
housing.  (Circular  sealing  caskets  between  disk  and  housing  aake  it 
possible  tc  change  the  aacurt  cf  the  displaceaent  of  indentor  without 
stopping  of  the  process  of  testing.). 

The  loading  device  consists  cf  the  batch  cf  rencvable  loads  7, 
which  lean  on  ball  bearing,  and  interchangeable  cauged  springs  8, 
which  ensure  the  smooth  leading  of  speciaea/sa aple.  The  first  load 
creates  on  indentor  load  into  9.81  N (1  kgf),  and  the  second  and  the 
third  (in  sub  with  preceding/previcus)  * with  respect  49.05  and  98.1 
S (5  and  1 0 kgf) . 

The  device  of  supply/feed  and  loading  cf  speciaen/saaple 
consists  of  stand  by  13,  lanufactured  froa  tungsten  or  aolybdenua, 
actuating  screw  17,  nut  18  and  the  insert  cf  divider/denoainator  20 
with  feather  key  21.  This  device  nakes  it  possible  to  supply 
speciaen/saaple  froa  the  level  of  the  upper  area/site  of  the 
basis/base  of  the  caaer a/chaaber  into  heater,  after  heating  to  the 
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lfter  the  deposition  of  ne«t  iapressicr  according  to  the  method 
of  static  indentation,  they  turn  actuating  screw  by  17  for  the  insert 
cf  divider/degoainator  20  with  feather  key  21  in  the  new  position  (on 
11°50*),  deterained  by  fall  bearing  clasping  fixture  15,  and  is 
repealed  the  process  of  loading.  Ir  the  circuaf erence  of 
speciaen/saaple,  they  will  apply  30  iapressiens  at  different 
teapecatur es. 

Page  168. 

If  it  is  necessary  to  apply  to  speciaen/saiple  a larger  gaantity  of 
iapressions,  with  the  aid  of  device  for  displacing  the  indentor,  is 
establish/installed  its  new  positicq.  1c  speciaen/saaple  it  is 
possible  to  apply  additional  iapressic>ns  in  several  circuaferences 
whose  radii  correspond  to  the  values  of  the  displacement  of  indentor. 
If  impressions  is  placed  at  a distance  C.5  in  ere  froa  another  [107], 
then  to  speciaen/saaple  8 ai  in  diaaeter  it  is  possible  to  apply  aore 
than  100  iapressions. 

Bor  testing  the  conical  speciten/saaples  ty  the  aethod  of 
cne~sided  flattening  according  to  the  schematic,  presented  in  Fig. 
122,  indentor  with  tip  they  replace  by  punch/aale  die  with  flat/plane 
end.  The  system  of  the  control  of  the  displacement  of  indentor  is 
establish/installed  in  the  sere  pcsiticn,  hj  which  there  is  no 


EQC  * 78133006 


PAGE 


^31 

displacement  of  the  axlc/axis  cf  indentcr  relative  to  the  axle/axis 
cf  specimen/sample. 

After  testing  specimen/sample  by  levering  -cf  actuating  screw 
they  derive/conclude  frem  fcrnace  to  the  level  of  the  upper  area/site 
of  basis/base  and  by  pusher  12  they  icve  irtc  hopper  19.  After  this 
the  process  is  repeated:  they  supply  by  puster  new  specimen/ sample 
made  of  magazine  1 1 to  stand  13. 

the  device  of  the  filling  of  the  camera/chamber  with  inert  gas 
carried  out  together  with  the  valve  cf  hopper  19  makes  it  possible  to 
recover  the  tested  specinen/sanples  without  stopping  of  testing. 

Setting  up  is  equipped  by  the  purifier,  in  which  inert  gas  is 
passed  through  the  activated  carbcr,  coded  tc  the  temperature  of 
liguid  nitrogen. 

Ihe  constant  overpressure  inert  gas  in  the  working  chamber  of 
the  tool  of  the  measureient  cf  hardness,  created  by  manostat,  makes 
it  possible  to  retain  the  constancy  of  load  in  the  process  of 
testing.  In  the  absence  of  sancstat  as  a result  of  the  increase  of 
the  temperature  in  the  camera/cham ber,  will  be  heated  inert  gas  and 
grow/rise  its  pressure  (camera/chamber  of  vacuum  is  consolidated), 
which  will  lead  to  the  decrease  of  lead  cm  s pec i men/ sample. 
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Hany  high-melting  alloys  are  intended  for  a work  in  vacuus.  The 
maximum  approach/approximation  of  test  conditions  to  operating 
conditions  requires  the  hardness  test  cf  these  alloys  in  vacuus  in 
the  range  cf  temperatures  cf  2C-20C0°C  and,  scietines,  in  interval  of 
-1S6-3000°C. 


Settings  up  UVT-2  and  cf  UVT-2H,  developed  into  IPP  of  AS  UkSSR, 
are  intended  for  measuring  the  hardness  of  higfc-melting  materials  in 
vacuus  and  in  the  sediun  of  inert  gases  in  the  range  of  temperatures 
cf  20— 3000°C. 

General  view  and  tie  slort  technical  characteristic  of  settings 
up  are  given  respectively  tc  Fig.  129  ard  into  fablers'  20. 

In  settings  up  0VT-2  and  of  0VT-2K,  the  measurement  of  hardness 
is  manufactured  by  the  same  methods,  also,  in  the  same  temperature 
ranges,  as  in  the  settirg  up  cf  UV1. 

For  measuring  the  hardress  at  temperatures  to  -196°C  in  the 
stand  of  tool,  are  establish/installed  the  puddle  and  the 
specimen/sample  they  are  placed  directly  it  ceding  liquid.  The  tip 
cf  indentor  also  is  lower/cmitted  into  the  cooling  fluid. 


I 
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Fig.  129.  The  general  view  cf  setting  up  m-  2 for  hardness  test  in 
inert  medium  and  vacuum  at  high  temperatures. 


Eage  170. 

The  temperature  of  specimen/sample  measures  with  the  aid  of 
thermocouples  (chromel  - Alumel,  ccpper  - ccpstantan). 
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setting up  UTT-2  is  characterized  by  frc*  previously  described 
setting  up  of  UVT  only  possibility  of  work  in  vacuum. 

Tool  for  ueasuring  the  hardness  of  setting  up  UVf-2  (Fig.  130) 
differs  from  a similar  tocl  of  the  setting  up  of  UVT  in  the  fact  that 
in  the  first  the  loadinc  device  is  located  kithii  vacuum  chamber  and 
therefore  manostat  and  the  calibration  system  cf  load  it  is  absent. 
Hore  complex  will  become  the  contrcl  of  the  displacement  of  indentor 
vith  the  aid  of  flexible  shaft  and  gear  drive. 
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Tables  20.  Technical  characteristic  of  the  setting  up  of  BVT-2H  for 
the  hardness  test  of  materials  in  vacuum  and  neutral  Media  in  the 
raqge  of  temperatures  of  20-3000°C. 


(I)  Hum 


eHOMMic  upiMerpM 


itrj 


PaCoMH fl  AHanooH  TeMnepatyp  HcnHTaHHfi: 


а)  no  tieTojiy  ciaTHwecxoro  BAaBAHBaHHH  CT8H- 
napTHoro  nHpaMHaa.ibHoro  HaaeHTopa 

б)  no  MeToay  OAHOCTopoHHero  cruiioiUKBaHHH  xo- 
HHiecKoro  o6pa3ita 

H3MepeHHe  TemnepaTyp  tT 

PeryjiHpoBaHHe  h 3anHtn>  TeMnepaiypu  7 

Pa6oqaa  cpeaa:  ? 

а)  saxyvM 

б)  cpeaa  hhcpthux  rasoB  (aproHa,  reAHH) 
PafaiHfi  AHanasoH  Harpy3ox  crynemiMH  (t/J 

Pa3*iepu  o6pa3UOB:  ahbmbtp  X bucots  \/ 
BbiAepacxa  otipasua  noA  Harpy3xofi  STJ 

(if 

MaxcHMaAbBoe  koahicctbo  omewaTKOB  Ha  haockom 
oCpaaue  - 

MaxcHMaxbHoe  xoahmcctbo  o6pa3UOB  b uarasHHe 
PaCXOA  BOAbl  (MBKCHMaAbHblft)^  If  a,)  (/*'*' 

BaxyyiiHoe  ofiopyAOBame:  (*0 

а)  BaxyyMHbift  arperaT 

б)  (popBaxyyMHufi  aacoc 

TafiapHTHbie  paaxepu  ycraHOBXH. 

AAHH8  X HiHpHHa  X BHCOT8 

raOapiTHue  pasxepu  AonoAHjrreAbHoro  oOopyao- 
aama  (aacoc  PBH-20,  Sbaaoh,  aaTOTpaac^op- 
Matop) 


20-2000°  C 
U) 

Ao  3000°  C 

^TepwonapaMH  h itHpoxeT- 
pa,,H 

J ABTOMaTHHCCKHM  nOTeHUH- 

OMerpoM  3nn-09 

1,33  Mtiftf 

(1  • I0“*  mm  pr.  ct.) 

A o 0,8  k/7cj*j  (/  *-)  (/j 

4,905—9,81—49,05—98,1  h 
(0,5-1,0-5,0—10,0  k D 
8X(5-i-7)  mm  C/CJ 
ABTOMaTHHecxax,  p tntf/iy 
BpeMeHH 
100 

10  /a) 

1,35  **/*  ' 


BA-05- 1 
PBH-20 


1530X1150X2250  mm 
1800X500X1500  mm 


Kef:  <1).  Designation  of  the  paraaeters.  (2).  Technical 
specif ications.  (3).  Hoiking  temperature  range  cf  tests:  a)  according 
to  method  of  static  indentation  of  standard  pyramidal  indentor;  b) 
according  to  method  of  cne-sided  flattening  cf  conical 
specimen/sample.  (4).  To.  (5).  Measurement  of  temperatures.  (6).  By 
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thermocouples  and  pyrometers.  (7) . Regulating  and  recording  of 
teaperature.  (8).  By  self-fcalancing  potent icieter  of  EPP-09.  (9). 
Kecking  medium:  a)  vacuua;  fc)  lediua  of  inert  gases  (argon,  heliua)  . 
(10)  ARH/b*.  (11).  Operating  range  cf  loads  ty  step/stages.  (12).  To 
0.8  kgf/ca2.  (13).  Size/dinensicns  of  speciaen/saaples:  diaaeter  x 
height.  (14)  A|.  (15).  Hclding  of  speciaeq/saaple  under  load.  (16) 
kgf.  (17).  Maxiaua  guantity  of  iapressiens  cq  plane  speciaen/saaple. 
(18).  Autoaatic,  tiae  relay.  (19).  Haxiaua  guantity  cf 
speciaen/saaples  in  aaga2ine.  (19a).  Ccnsuapticn  of  eater  (maximum). 
(20)  aVh.  (21).  Vacuua  eguipaent:  a)  vacuua  aggregate;  fc)  fore  puap. 

(22) .  Overall  dimensions  of  setting  up:  length  x -**p«lfc*a  x height. 

(23) .  Overall  diaensions  cf  accesscries  (paap  BVH-20,  cylinder, 
autctcansf orner) . 
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The  construction/design  of  the  necking  chaaber  of  the  setting  up 
of  0VV-2M  with  the  aid  cf  special  device  provides  the  exchange  of 
loads  vith  the  closed  canera/cbanber.  Duration  of  the  holding  of 
spccinen/saaple  under  lead  is  realize/accosplisked  by  an  adjustment 
cf  the  special  tine  relay.  Ihe  lift  of  stanc  with  specimen/sanple  can 
be  manufactured  by  two  speeds. 

Jn  the  setting  up  cf  UVT-2H,  the  displacement  of  the  axle/axis 
cf  indentor  relative  to  the  axle/axis  of  specimen/sanple  is 
establish/installed  on  can;  therefore  iapressiejs  will  be  applied  on 
helix* 

1 

I 

The  temperature  of  s pecimen/sanples  at  nork  during  the  settings 
up  of  OVT  and  UVT-2  in  interval  cf  20-2000°C  are  measured  with  the 
aid  of  the  thermocouples:  platinum-rhodium-plat  inum  (20-1600°C)  and 
tuqgsten-rheniun  VF5/20  (to  2000°C).  Potentiometer  EFP-09H1  provides 
recording  and  the  automatic  maintenance  of  the  assigned/prescribed 
temperature  with  accuracy/precisicn  ±0.5o/c.  Furthermore,  is  provided 
for  the  possibility  of  the  ccntccl  of  the  leasurements  of  the 
temperature  cf  specimen/sample  with  the  aid  of  galvanometer  and  the 


l 


s 


r 


' 


i 
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■ovable  potentioae  ter  of  the  higher  class  cf  precision. 

In  installations  of  both  cf  types  the  t her iccou pie  (Pig.  128, 
130),  with  the  aid  of  vtich  is  aeasured  and  is  regelated  the 
teiperature  cf  specimen/saaple,  it  passes  through  the  hole  in  stand 
it  touches  the  basis/base  cf  speciien/sanple.  Thereoelectrodes  are 
isolate/insulated  froe  each  other  by  ceraaic  tubes  froa  Alundua, 
cxide  of  aagnesiua  or  car bcnitcide  of  boron,  free  ends  are 
theraostatically  controlled.  Ir  parallel  is  neasured  the  teaperature 
cf  speciaen/saaple,  indentor,  table  and  heater  uith  the  aid  of  the 
optical  pyreaeter  of  the  type  CEEIF-C9  an,d  cf  color  photoelectronic 
pyreaeter  TsEP-3. 

During  the  tests  of  hardness  in  the  ranee  of  tenperatures  of 
200C-3000°C  measur eaent s of  the  teiperature  of  speciaen/sample  are 
conducted  eith  the  aid  cf  the  optical  pyroaeter  OPPIF-017  and  color 

HEP 

photoelectronic  pyroaeter  -f5pr3. 

For  the  increase  of  the  accur acy/precisicn  of  the  aeasurenent  of 
high  tenperatures  by  pyreaeters  conduct  the  special  calibrating: 

1)  through  melting  points  of  lolykdenui  and  tantalua  of  high 
purity/finish; 


- 
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2)  through  readings  of  the  special  calibration  tungsten-r heniua 
thermocouple  of  VR5/20,  which  was  graduated  to  temperature  of  3000°C. 


Specimen/samples  for  calibrating  of  pyrometers  prepare  the  same 
size/dimen siogs  and  forms  as  fer  hardness  test.  At  the  apex/vertex  of 
speciaen/sample,  is  drilled  cut  the  hole  fer  the  room  of 
thermo junction.  Specime n/sample  was  placed  in  stand  13  (see  Fig.  128) 
together  with  the  calibraticn  thermocouple,  sealed  on  top  into  hole 
and  free  from  insulat io r/isc la t icn  cn  that  section  near  the  joint 
which  was  heated  to  the  temperatures,  exceeding  2000°C.  The  remaining 
sections  of  the  electrodes  cf  thermocouple  insulate  by  ceramic  tubes. 
Thus,  hot  end  was  shielded  frea  era issicn/radiaticn  by  bore  surfaces 
in  speciaen/sample. 

Page  173. 

During  calibrating  the  speciaen/sample  is  heated  under  the 

stepped  conditions  before  melting.  The  real  temperature  of 
specimen/sample  measures  with  the  aid  of  thernccouple  and  control 
potentiometer;  temperatcre  brightness  - by  optical  pyrometer 
CPPIB-017,  color  - with  pyrometer  TsEP-3. 


A calibration  thermocouple  of  the  type  VB5/20  was  graduated  on 
melting  points  of  pure  metals  - nickel,  platinum,  chromium,  vanadium, 
mclybdenum  and  tantalum.  Data,  obtained  daring  calibrating,  attest  to 
the  fact  that  this  thermocouple  gives  correct  readings  up  to  melting 
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point  of  tantalus  of  3000°  ccly  duiing  the  first  heating.  During 
subsequent  heatings  observe  the  deviaticqs  cf  readings  of 
thermocouple  fros  the  calibration  values  thernc-emf. 

Accuracy/precision  of  the  hardness  test  of  tungsten  and  nolybdenun  at 
high  temperatures. 

In  the  general  case  hardness  H is  the  function  of  the  applied 

load  P,  of  the  size/diacosicn  cf  the  obtained  impression  <diameter  d 

cr  diagonal  b) , of  the  time  of  the  applicaticn  cf  load  r and  of  the 

absolute  temperature  of  testing  T: 

H-=f(P,  b.  t.T).  (4.7) 

Baring  the  measurement  of  values  F,  b,  r and  T are  unavoidable 
the  errors  each  of  which  gives  the  specific  ccntribution  to  overall 
error  for  function  H. 


The  hardness,  determined  on  the  method  of  the  static  indentation 
cf  standard  tetrahedral  pyramid  at  constant  temperature  T and  the 
constant/invariable  duratioc  cf  loading  r,  is  ccnnected  with  the 
value  of  load  P and  the  size/diaersicn  cf  the  diagonal  of  impression 


b by  the  dependence 


HV- 


2Ptkn 


136° 


(4.8) 


The  hardness,  determined  according  to  the  method  of  one-sided 
flattening,  is  connected  vith  the  value  of  lead  P and  with  a diameter 


i 


-■ 
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cf  impression  of  d by  dependence  [ 133] 
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Lf  _ *P 

"e— ar- 


(4.9) 


The  hardness  of  turgsten  and  molybdenum  fcr  the 
constant/invariable  duration  of  loading  r depending  on  temperature  is 

determined  by  expression  [ 132,  133  ] 

//— tJtjT* •T,  (4.10) 

^euLat  the  constant/invariable  temperature  1 in  dependence  on  the 
duration  of  loading  r - by  expression  [25*  p. 121;  147] 

(4.11) 

where  T - temperature,  CK;  H„  - value  of  hardness  with  0°K  (it  is 
obtained  by  the  extrapolation  of  the  low-temperature  section  of  the 
curve  cf  the  dependence  of  hardness  on  temperature)  ; an(on,  a*,  a*)  — 
temperature  coefficients  cf  hardness  for  different  temperature 
ranges;  *n(*i,  **,  *s)  — constants  fcr  intervals  indicated;  a and  n - 
constants,  that  depend  on  the  nature  of  material. 


If  is  substituted  equations  (4.8-4.11),  into  expression  (4.7), 
then  it  will  be  obtained  for  two  methods  hardness  test  respectively: 

HV  = /(£%£ W"-'.  «*").  (4-12) 

”<  = /{£•  W~'"r.a*').  • (4.13) 


l^nowq  [144]  that  tie  maxiaum  relative  error  for  the  function  of 
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several  independent  variables  is  egual  to  tic  differential  natural 

logarithm  cf  this  function: 

8«=±</|ln/(P.  *.  T.  t)],  (4.14) 

■creover  all  terms  in  expression  (4.14)  arc  undertaken  in  the 
absolute  value: 

ltl=±fJP-+2-%-+*'dr+n-$).  ■ (4.15) 

lfter  designating  absolute  errors  e (for  relative  errors  is 
already  selected  designation  6),  we  will  obtain  the  resultant 
expression  for  computing  the  maximum  relative  error  in  determination 
of  the  hardness: 

8// = ± (&|»  + 28t -j- a,,»r  + n8,),  (4*16) 

dP 

where  6p=  — relative  measuring  error  cf  lead;  C(,=  db/b  or 

d(d)/d  - relative  measuring  error  cf  the  size/dimension  of 
impression;  tT—  the  absolute  error  for  measurement  at  temperature 
T;  a»—  temperature  coefficient  of  hardness  for  the  appropriate 
interval  of  measurement;  6t—  relative  measuring  error  of  the 
duration  of  loading  at  temperature  T;  n - bigh-speed/velocity 
hardness  number  at  temperature  T. 

Page  175. 

The  results  of  computing  the  maximum  relative  errors  in 
determination  of  the  haidness  cf  tungsten  aid  mclybdenum  are  given 
into  Tables  21  and  22.  It  turned  out  that  tie  values  of  these  errors 
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at  high  temperatures  are  sufficiently  lew  and  that  the  greatest 
contribution  in  6H  gives  tie  measuring  exzcr  cf  temperature  (at 
2500-3000°C) . With  an  increase  in  the  accuracy  cf  the  seasureaent  of 
temperature,  sharply  is  increased  the  accuracy/precision  of  hardness 
test.  For  example,  if  is  increased  the  accuracy  of  the  measurement  of 
the  temperature  by  0.5o/o,  the  maximum  relative  error  in 
determination  of  the  hardness  of  tungsten  at  3Q00°c  it  decreases 
almost  by  3o/o. 


Investigation  of  the  hardness  of  tangsten,  aclybdenum  and  tantalum  in 
the  range  of  temperatures  cf  20-30C0°C. 

The  hardness  of  refractory  metals  was  determined  with  the  aid  of 
settings  up  UVT  and  uvr-2  according  to  the  procedure,  presented  in 
the  preceding/previous  paragraph  (see  pg.  153) . 


The  specimen/samples  (see  Fig.  120)  for  hardness  test  from  the 
method  of  static  indentaticr,  they  turned  fxca  tod;  on  sample 
prepared  metallographic  section.  For  testing  the  hardness  according 
to  th^  method  of  one-sided  flattening  s peci aen/samples  they  sharpen 
tc  cone  on  lathe  with  the  subsequent  processing  cf  cone  on  grinding 
machine.  If  necessary  tie  specimen/samples  subject  to  to  heat 
treatment  in  vacuum. 


- s 
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The  determination  cf  tie  temperature  dependence  of  hardness  is 
conducted  for  the  specific  and  constant/invariable  duration  of 
leading  and  with  the  value  cf  load,  corresponding  to  similarity 
conditions. 


Hardness  of  tungsten.  E xperie rce/test  the  a pecimen/sa spies, 
manufactured  from  the  fcrcec  reds  cf  cermet  tungsten  of  the 
aark/brand  of  VRN  in  as-received  condition.  (Sintered  molding/bars  by 
secticn/cut  10x10x400  mi  machine  in  rotary  ierging  machines  without 
intermediate  annealing  tc  diameter  10  mm  - reduction  -1  mm;  then 
manufacture  forging  in  machines  with  1450°C  - reduction  -0.5-0. 3 mm, 
heating  in  hydrogen  electric  furnaces). 


The  common/gs neral/total  impurity  content  in  tungsten  does  not 
exceed  0.15o/o.  In  the  sum  cf  impurity/admixtures,  enter  molybdenum, 
one-and-one-half  oxides,  oxides  of  silicca  and  calcium  in  the 
following  guantities  (it  is  not  more):  0.02c/o  R203;  0.005o/o  HI; 
O.C15 o/o  CaO;  O.OIo/o  Si02;  0.C4o/c  Ho. 


8 88  88 
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Tablejf  22.  Maximum  relative  errors  in  dete  ci ination  of  the  hardnesi 
cf  Molybdenum. 


% 

±a»*. 

% 

±»»,, 

% 

Cnoco6  M3MepeiiH<i 

TCMnepatypw 

0,25 

. • 

1,00 

0,086 

zr 

TepMonapa  nn  + noTeH- 

uHOMeTp  nn 

TepMonapa  nn  + noTeH- 
UNOMerp  3nn-09 
TepMonapa  BP5/20  + no- 
TeHUHOMeTP  nn 
TepMonapa  BP5/20  + no- 
jeHUHOMeTp  3nn-09 

0.26 

1 

1,00 

- > 

i 

0,152 

TepMonapa  nn  + noTeH- 

uhomctp  nn  1 

TepMonapa  nn  + noreH- 

uHOMerp  3nn-09 

TepMonapa  BP5/20  + no- 
TeHunoMeTp  nn 
TepMonapa  BP5/20  + no- 
TemiHOMerp  9nn-09 

0,25 

1,00 

A 

TepMonapa  BP5/20  + no- 
TeHUHOMeTp  nn 

jnHpoMeTp  onnnp  09 

0,25 

1,00 

nnpoMeTp  onnnp-017 

Lrj  (cneunaabHaa  Tapn- 

P'  POBKa) 

0,700  11,2 

1,000  16,0 

0,700  14,0 

1,500  30,0 


0,95  2,30 


0.216  143 


2,03  3,37 

1,55  3,00 

2,42  3.80 

3,45  4,80 

3,02  4,30 


5.4 

0,216  8,1 


>y:  The  same  as  f or  Tables'  2 1 . 
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The  values  of  hardness  for  the  annealed  tungsten  are  obtained 
during  testing  in  the  ceding  process  cf  saiples  from  1750°C  down  to 
reem  temperature. 


The  hardness  both  of  the  deforced  and  annealed  tungsten  with  the 
increase  of  temperature  from  20  to  300°C  sharply  falls.  With  further 
increase  of  temperature  (to  1100°C)  the  hardness  gradually  decreases; 
the  difference  in  the  hardness  of  cf  those  work-hardened  and  annealed 
samples  decreases  insig rif icantly. 

At  1100-1200°C  (range  cf  temperatures  cf  the  beginning  of 
recrystallization)  the  difference  in  the  hardness  of  the 
work-hardened  and  annealed  tungster  rapidly  is  decreased.  Apparently, 
sc  cn  cf  1600°C  is  completed  the  recrystallizat icn  of  processing, 
since  the  curves  are  drawn  cff  at  the  value  of  hardness  -500  HN/m2 
(51  kg/mm2).  At  17  40°C,  i-e.,  with  0,55Ta„  again  is  observed  the 
noticeable  incidence/drcp  in  the  hardness,  which,  apparently,  is 
connected  with  a change  in  the  mechanism  of  deformation,  with  further 
increase  of  temperature,  the  hardness  smoothly  is  decreased,  reaching 
the  values  of  167  HN/m2  (17  kg/mm2)  so  cn  cf  20C0oC,  71.6  HN/m2  (7.3 
kg/mm*)  at  2500°C  and  46  HN/m2  (4.7  kg/mm2)  at  3000°C- 


Hardness  of  molybdenum.  Tests  are  subjected  to  the 


fl 
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speciaen/saaples,  aanuf act  tied  frci  the  foiled  teds  of  the  ceraet 
aolybdenua  of  the  aark/trand  of  HR K in  as-received  condition. 
(Sintered  aolding/bars  15x15x500  11  aacbine  to  diaaeter  10  aa  in 
rotary  forging  aachines  Hitt  1350-  1400°C;  heating  in  hydrogen 
electric  furnaces,  reduction  ~1  aa  for  transition.  Then  is 
■aqufactured  forging  in  aachines  at  teaperatures  to  1200-1000°C) . 


Fig.  131.  The  dependence  of  the  hardness  of  tungsten  on  the 
teaperature:  1 - work-hardened;  2 - annealed. 


Key:  fl).  H,  HN/a*  (kg/ax2) . 
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Pig.  132.  The  dependence  cf  the  hardness  of  nclybdenun  on  the 
teipeEature:  1 - work-hardened ; 2 - annealed. 

Key:  <1).  H,  HN/b2 (kg/sa2) . 


Fig.  133.  The  dependence  of  the  haedness  of  tungsten  and  solybdenui 
cn  the  temperature:  a - cn  data  [114];  t - cc  data  [ 110]. 


Key:  <1).  H,  MN/b2  (kg/ia2)  ■ (2) 


peening.  (3) 


poured. 
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Fig.  134.  Dependence  of  the  hardness  of  tantalus  and  its  alloy  with 


tungsten  on  temperature 


Key:  (1).  HV,  BN/**  (kg/aa2) 


The  coaaon/general/total  impurity  content  does  not  exceed 


C.lo/o.  In  the  sua  of  iapurity/adaixtures,  enter  one-and-one-half 


cxides,  nickel,  oxides  cf  silicon,  calciua  and  xagnesiua  in  the 


following  quantities  (it  is  not  aoze):  0.04c/c  V203,  0.02o/o  It 


0.03o/c  Si02,  O.QO80/0  CaO*BgO 


the  values  of  hardness  for  the  annealed  aclybdenua  are  obtained 
during  testing  in  the  process  cf  ccoling  saaplcs  frox  1750°C  to  room 
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the  results  of  the  investigation  of  the  temperature  dependence 
of  the  hardness  of  the  defcxaec  arc  annealed  aclybdenua  are 
represented  in  Fig.  132.  Is  observed  a sharp  incidence/drop  in  the 
hardness  of  molybdenum  during  heating  froa  ioca  temperature  to  300°C, 
after  which  up  to  1000°C  hardness  is  decreased  insignificantly, 
especially  for  the  annealed  material;  with  further  increase  of 
tenpexature  to  1400°C,  again  occurs  a noticeable  incidence/drop  in 
the  hardness.  The  hardness  of  the  deforced  aclyhdenua  at  teaperatures 
of  450-650°C  twice  exceeds  the  hardness  of  annealed  aolybdenua. 


ligher  than  1000°C  tegins  the  recrystallization  of  deforaed 
aclybdenuo  [134].  At  14C0°C  curves  ccmpletely  are  drawn  off  at  the 
value  cf  hardness  240  HK/a2  (24.5  kg/aa2) . 

In  the  course  of  further  increase  cf  teaperature,  the  hardness 
saccthly  is  decreased,  reaching  the  values  cf  66  HN/a2  (6.7  kg/am2) 
at  2000°C  and  23  MH/a2  (2.3  kg/aa2)  at  250C°C- 

Eor  a comparison  Fig.  133  gives  the  results  of  the  hardness  test 
cf  tungsten  aqd  aolybdenua  in  the  vorks  Bngl  and  Felaer  [114]  and 
Seachisen  and  Torgerson  [110]. 

■acdness  of  tantalua.  investigation  is  carried  cut  in  the 
annealed  s peciaen/saaples  Bade  of  the  ferged  ingots  of  vacuua-arc 
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Belting.  Speciaen/saaples  ace  annealed  for  1 h in  vacuua  1.33  MN/a2 
(10~9  bb  Mg)  at  1400°C.  Experiaental  Data  (Fig.  134)  are  obtained 
during  testing  in  vacuui  1.33  MN/a2  (1C-9  it  Hg)  during  setting  up 
UVf-2»  The  hardness  of  tantalua  fusion  with  lOc/c  N prove  to  bes 
itself  above  the  hardness  cf  tantalua,  beginning  froa  500°C  in  all 
investigated  teaperature  interval  (see  fig.  134). 

Hardness  of  niobiun  and  its  alloys  at  teapecatures  of  20-2100°C. 

Hardness  of  niobiua.  Are  investigated  the  speciaen/saaples  of 
cenet  niobiua,  and  also  the  poured  niotiui  after  single  cathode-ray 
reielting  and  after  vacuua-arc  aelting. 

Ceraet  niobiua  (99.2o/c)  contains  the  following 
iapurity/adaixtures:  0.25o/o  Ta,  0.14o/o  C,  to  C.lo/o  Ti,  to  0.09o/o 
Si,  0,.  02o/o  Fe. 

Poured  niobiua  after  single  cathode-ray  reaelting  contains: 
C.02o/c  C,  O.OIo/o  N 2 and  0.00 lo/o  C2.  (Gas  analysis  of  ceraet 
ciobiaa  carried  out  will  not  be). 

Page  181. 


Ceraet  niobiua  and  by  poured  niobiua  after  single  cathode-ray 
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reselling  they  investigate  during  the  setting  up  of  DVT  in  the  aediun 
cf  the  purified  inert  gases,  the  niobiua  of  vacuua-arc  aelting  is 
experience/tested  during  setting  up  UVT-2  in  vacuua. 

For  aeasuring  the  hardness  of  niotiua  according  to  the  method  of 
cne-sided  flattening  the  pucch/aale  die  is  prepared  froa  tungsten. 

The  teaperature  dependences  of  the  hardness  of  niobiua  are  given 
to  Fig.  135.  Each  point  cn  graph  corresponds  tc  the  average  value  of 
9-15  aeasurements. 

The  analysis  of  test  results  will  shorn  that  the  ceraet  niobiua 
is  very  contaainated.  In  the  specisen/samples  vhich  experience/test 
in  the  range  of  teaperatures  cf  20-1760%,  the  ispressions, 
plctted/applied  at  temperatures  of  2C-150.0°C,  partially  disappear, 
apparently,  as  a result  of  the  recrystallizaticQ  of  the  deformed 
volume  of  metal  and  sealing  off  of  ixpressicns  by  the  low-melting 
iapurity/adnixtures , which  Mere  being  contained  in  niobiua.  During 
testing  of  cathode-ray  riobiua  the  disappearance  of  impressions  they 
cbserve  more  rarely.  Let  us  note  that,  accordingly  [ 89,  135],  the 
teaperatures  of  the  solidification  of  niobiua  ftsions  with  by 
hydrogen,  iron,  oxygen,  silicon  and  titanius  are  located  in  interval 
cf  1300-1720°C. 
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After  testing  in  different  inert  media,  tfce  mirror  section  of 
the  specimen/saaples  of  ceraet  and  cathode-ray  niobiua  of  both  of 
foras  becoaes  aatte.  During  speciaen/saaple  testing  of  tungsten  and 
aolybdenua  under  the  sane  conditions,  airrci  section  on  the  surface 
cf  sptciae n/saaple  coapletely  is  retained.  Section  is  retained  also 
during  speciaen/saaple  testing  of  tacuua-arc  niobiua  in  vacuua. 

Jr  aany  instances  on  the  surface  of  the  s peciaea/saaples  of 
ceraet  niobiua  after  testing  of  hardness  aith  1500-1760°C,  observe 
the  cracks  on  the  periaeter  of  impressions. 

|| 

j i 

1 1 
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Fig.  135.  The  dependence  of  the  hardness  of  niobium  on  the 
temperature:  1 - cermet;  2 - poured,  after  single  cathode-ray 
reaelting;  3 - poured,  vacuum-arc. 


Key:  (1).  H,  MN/m*  (kg/mm*)  . 


Cage  182. 


In  the  range  of  temperatures  of  20-1C0C°C,  occurs  the  scatter  of 
■easurenent  data  of  hardness  in  different  s pec i men/samples ; however, 
the  character  of  the  curved  temperature  dependence  of  hardness  with 
pronounced  peaks  of  hardness  is  retained.  At  the  higher  temperatures 
cf  this  scatter,  it  will  net  noticed  be. 

As  is  evident  from  curves  in  Fig.  135,  the  increase  of  the 
temperature  of  testing  from  20  to  300°C  is  accompanied  by  a sharp 
reduction  in  the  hardness.  In  interval  cf  30G-560°C,  hardness  of 
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ceraet  niobiua  is  not  changed.  Hitt  further  teiperature  rise  to  curve 
for  the  poured  cathode-ray  niobiua,  is  observed  the  peak  of  hardness 
with  6G0°C,  aqd  for  ceriet  - tao  peaks:  with  75C  and  900°C. 

As  it  will  be  shown  below,  the  saae  two  peaks  are  on  the  curved 
teipeiature  dependence  cf  the  limit  of  the  strength  cf  the  ceraet 
niobiam  (see  Fig.  179) . For  this  saae  the  material  of  the  value  of 
the  module/oodulus  of  elasticity  with  460-1200°C,  they  will  be  above 
than  at  roca  temperature.  The  maximum  value  cf  the  modulus  of 
elasticity  obtained  in  the  range  of  temperatures  of  800-1100°C.  The 
increase  of  the  modulus  of  elasticity  of  niebiua  in  interval  of 
600-1200°C  is  noted  alsc  in  works  [21,  136]. 

Hith  further  increase  cf  temperature,  the  hardness  of  niobiua 
again  is  decreased.  At  the  temperatures  higher  than  1350°C  ceraet  and 
cathode-ray  niobiua  have  identical  hardness.  The  hardness  of  cermet 
niobiam  reaches  the  values  cf  10.8  Hw/a*  (1.1  kg/aa2)  at  2000°C  and 
7.65  #N/m2  (0.8  kg/mm2)  at  2120°C. 

The  special  f eature/peculiarities  cf  the  shape  of  the  curve  of 
the  teaperature  dependence  cf  the  mechanical  properties  of  niobiua  at 
temperatures  higher  than  the  rcca,  apparently  can  be  connected  [137] 
with  strain  aging  in  the  process  of  testing. 
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Hardness  of  niobium  fusions.  Kith  the  aid  cf  setting  up  ttvr-2, 
they  investigate  the  anrealed  speciaen/sanples  cf  the  poured  and 
forged  niobiua  alloys.  Annealing  was  carried  out  in  vacuui  1.33  HH/a2 
(10-s  Ba  Hg)  for  2 h for  niobiua  frsioqs  with  aclybdenua  with  1250°C 
and  fpr  niobiua  fusions  with  tungsten  with  1500°C.  Hardness  Measures 
with  the  aethod  of  static  indentation. 


|« 

I 

; 

' 


Temperature  measures  with  a p latinum- p lat i rua-r hodiua 
thermocouple. 

In  Pig.  136  are  shown  the  teaperature  dependences  of  hardness 
for  alloys  Nb-Mo.  The  hardness  of  the  investigated  alloys  sharply  is 
decreased  during  heating  frea  20  to  300°c,  moreover  especially 
sharply  of  the  ternary  alloy,  which  contains  lOc/o  Ti- 

lith  further  increase  cf  temperature,  en  incidence/ drop  in  the 
hardness  is  retarded,  especially  it  is  strong  for  an  alloy  with  7o/o 
Kc  during  heating  from  300  to  ~9G0°C. 

The  coaparison  of  the  teaperature  dependences  of  the  hardness  of 
alloys  Nb  - 7o/o  Ho  and  Nb  - 7o/o  Ho  - lOo/c  li  shows  that  the 
additional  alloying  with  titaniua  sharply  decreases  the  hardness  of 
alloy  at  the  high  teaperatetes:  at  910°C  2.7  times,  at  1190°C  4.5 
times,  at  1500°C  3.6  tines. 


I 
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The  investigation  cf  the  temperature  dependences  of  the  hardness 
cf  nipbium  fusion  with  9.8c/c  no,  three  nestings  (24,  34  and  54) , 
obtained  from  different  raw  material  and  with  sene  differences  in 
technology  of  nelting.  Kill  she*  (lig.  137)  a considerable  difference 
in  the  hardness  of  the  specimen/sa ip les  of  different  Beltings  at 
temperatures  from  20  to  1100°C. 

Figures  138  shows  the  teaperature  dependences  of  the  hardness  of 
three  alloys  Nb-W.  Curves  these  dependences  are  similar  to  curves  for 
alloys  Nb-Ho  with  the  only  difference,  that  for  alloys  Nb-W  an 
incidence/drop  in  the  hardness  at  tenperat ares  is  higher  than  950°C 
scaewhat  less. 

Introduction  to  alloy  Nb-16o/o  W as  addition  lo/o  Zr  will  not 
change  the  hardness  of  alloy,  but  C.5o/c  Be  - decrease  its  hardness 
at  the  temperatures  lower  than  100C°C  (lig.  139).  The  hardness  of  the 
investigated  alloys  Nb-U  noticeably  depends  frea  composition  only  at 
relatively  lew  temperatures  (to  10C0°C)  . 

Figures  140-142  depicts  the  temperatare  dependences  of  the 
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hardness  of  alloys  Nb-Mo  and  Nb-H  in  seiilcgarithaic  coordinates. 
These  dependences  are  described  by  the  exponential  expression  of  Ito- 
Shishokin  (see  Chapter  V).  The  teaperature  dependences  of  the 
hardness  of  alloys  Nb-Ho  have  tve  sections;  the  lea- teaperature 
sections  of  curves  for  binary  alloys  are  finished  at  1000®C,  for  a 
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Fig.  136.  The  dependence  of  the  hardness  of  niotiua  fusions  with 
■olybdenua  on  the  teapcrattre  (are  shewn  percentages  throughout 
•ass) 3 1 - 5o/o  Mo;  2 - 7o/o  Mo;  3 - 9-fio/c  Mo;  4 - 7o/o  Mo+10o/o  of 
Ti- 

Key:  XI)-  HV,  MN/»*  (kg/miu*). 

Fig.  137.  Dependence  of  the  hardness  of  nictium  fusion  with  9.8o/o  Mo 
cn  teuperature. 

Key:  XI)-  HV,  MN/n*  (leg/mm*).  (2)  Belting. 
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Fig.  138.  The  dependence  cf  the  hardness  of  nicbiua  fusions  with 
tungsten  on  the  temperature  (aie  shown  percentages  throughout  mass): 
1 - 12c/o  W ; 2 - 16o/o  8;  3 - 23c/c  8. 


Key:  XI)  . HV,  ft*N/m2  (kg/m2). 


Fig.  139.  The  dependence  of  the  baldness  of  giciiua  fusions  on 
teaperature  (are  shown  percentages  throughout  lass):  1 - 16o/o  H;  2 - 
16c/o  K+lo/o  Zr;  3 - 16o/c  B*0.5o/o  Re. 

Key:  (1).  HV#  MN/m 2 (kg/ma2). 


m 


f! 


* 


toe  * 78133C07 


r 


F AGE  , 


Fig.  140.  The  temperature  dependences  c£  the  hardness  of  alloys 
Kfc-Moj  1 - 5o/o  Mo;  2 - 7c/c  Me;  3 - 9.8o/c  He;  4 - lo/o  Mo-MOo/o 

U- 

Key:  11).  HV,  f*N/m«  (kg/m«*). 

Fig.  141.  The  temperature  dependences  cf  the  hardness  of  alloys 
Kb-rS;  1 - 12o/o  W;  2 - 16C/0  H;  3 - 23o/c  M. 

Key:  {1).  HV,  toll/m*  (kg/ma*)  . 
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Fig.  142.  The  teaperature  dependences  cf  the  hardness  of  niobiua 
fusions:  1 - 16o/o  H;  2 - 16o/o  He  lo/o  2r;  3 - 16o/o  H* 0. 5o/o 
Be  • 


Key:  (1).  HV,  Mn/>2  (kg/am*). 


Fig.  143.  Dependence  on  the  teaperature  of  the  hardness  of  niobiua 
fusion  froa  25o/o  (throughout  aass)  Zr. 

Key:  |1).  BV,  WlN/a*  (kg/a**). 
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For  niobium  fusion  with  25c/o  ?r,  is  characteristic  the  tendency 
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toward  the  increased  saturation  by  oxygen  which  in  interval  of 
1100-I500°C  is  developed  even  in  vacuua  (Pig.  143).  During  testing  of 
this  alley,  the  pressure  in  the  caaera/chaa her  cf  tool  vas  0.665 
WN/m*  (5*1 0~6  am  Hg)  at  20«C,  at  5C0°C  - 1.q€(«N/n*  (8 • 10-*)  # at  655° 
- 1.33  NM/a*  (1*10"*),  at  1C60°c  - 2.0HN/I*  (1.5*10-*),  at  1300°C  - 
2.2  Kli/m*  (1.7*10-*)  anc  at  15C0°C  - 4.25  MN/a2  (3.2*10-*)  am  Hg) . 

Ibe  airier  section  of  s peciaen/saa pies  after  testing  becaae  slightly 
matte*  At  teaperature  of  S15°C,  it  was  for  the  first  tiae  noticed, 
while  during  further  heating  ccnticually  was  reinforced  the  reaction 
cf  alley  with  indentor  frea  sapphire.  After  testing  cf  one 
speciaen/saaple,  the  indentcr  ccapletely  was  breken. 


i 


The  plotting  of  graphs  iq  coordinates  in  H-T°K  shows  (Pig.  144) 
that  the  teaperature  dependence  of  the  bareness  cf  alloy  Kb  - 25o/o 
Zr  is  also  described  by  ito  - Shishokin's  exponential  expression. 
Curve  has  smooth  bend  at  927°C. 


Investigation  of  the  prclcqced  hardness  of  tungsten  and  nolybdenun. 

Experiments  show  that  the  prolonged  b igb-tcaperat ure  tensile 
tests  lead  to  the  results,  which  differ  not  crly  in  quantitative,  but 
also  in  a qualitative  respect  frea  the  data  which  obtain 
short-*tiae  tensile  tests  at  high  tenper atares.  Therefore  the  results 
cf  shgrt-time  high-temperatcre  tensile  tests  cannot  be  placed  as  the 
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basis  c£  the  characteristic  of  the  heat  resistance  of  alloys. 

it  the  sane  tine  the  high  duraticq  of  tensile  tests  does  not 
sake  it  possible  shortly  tc  accumulate  sufficient  material  about  the 
effect  of  composition  and  structure  of  alleys  cq  their  heat 
resistance.  Furthermore,  creep  test  with  lireai  elongation 
insufficiently  characterizes  the  subsequent  behavior  of  metal  in 
volumetrically  stressed  state  [ 138*  139  ]. 

i.  A.  Bochvar  [139]  in  1947  proposed  tc  apply  the  method  of 
prolonged  hardness  as  auxiliary  accelerated  method  for  studying  the 
heat  resistance  of  alloys  at  high  temperatures . 

fn  the  process  of  the  Guillery  tests,  occurs  the  decrease  of 
stress  level  as  a result  cf  an  increase  in  the  size/dimensions  of 
impression  with  constant  lead.  Ibis  fact  causes  the  gradual 
retarding/deceleration/celay  of  an  incidencc/dr cp  in  the  hardness  in 
time  whose  intensity  depecds  or  the  nature  cf  istcrial.  This 
artificially  caused,  but  ccipletely  regular  fading  of  an 
incidence/drop  in  the  hardness  makes  it  possible  to  sharply  reduce 
the  dmraticn  of  tests. 

I 
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Pig.  ion.  the  temperature  dependence  of  the  hardness  of  alloy  Nb-Zr. 

Key:  j(1).  HV,  mN/a*  (kg/nn*). 

Page  186. 

Is  a result  of  the  in vestigat icn  cf  the  heat  resistance  of  A.  A. 
Bochvar's  aluminum  allots  [139]  it  arrived  at  conclusion  about  the 
fact  that  on  the  dependence  cf  hardness  nuihers  cn  the  tiae  of 
loading  aluninun  alloys  can  be  arranged  in  a series  with  the  sane 
sequence  which  occurs  ir  the  case  cf  creep  tests.  The  neasurenent  of 
prolonged  hardness,  for  temperatures  is  above  at  least  0,67c  (^c—  the 
absolite  temperature  of  sclidus),  although  do  net  replace  coapletely 
prclonged  creep  tests,  it  can  reduce  a guartity  cf  latter  and 
accelerate  works  on  research  are  new  refractory  alloys. 


I.  L.  flirkin  and  D . Ye.  lifshitz  [140],  studying  the  hardness  of 
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metals  and  alloys  at  temperatures  to  £EC°C,  they  arrived  at 
ccgclmsiop  about  the  existence  of  the  correlation  between  hot 
hardness  and  the  stress-r op tur e strength,  which  for  the  specific  type 
cf  alleys  is  linear.  By  V.  I.  Shishokin  [141]  he  established  that 
between  the  size/d ioensic n cf  impression  and  period  cf  loading  there 
is  a power  dependency.  Eased  cp  this,  the  aithcrs  of  work  [140] 
developed  the  method  of  the  triple  bet  tests  cf  hardness,  with  which 
the  daraticn  of  holding  under  lead  in  each  subsequent  testing  is 
increased  10  times  in  comparison  with  ptececing/previous.  The  shape 
cf  the  curve,  obtained  the  method  three  hpt  tests,  most  closely  will 
agree  with  the  data  of  prolonged  heat  resistance  tests. 

The  method  of  prolonged  hardress  is  its cf f iciently  studied  and 
therefore  it  gives  the  difficultly  interpretive  results.  This, 
cbviomsly,  and  is  explained  the  fact  that  that  unwinding  during  the 
years  1949-1950  discussions  detected  two  basic  opinions  [18,  142]. 

Academician  A.  A.  Eochvar  and  its  school  they  assume  that  the 
method  of  prolonged  hardness  gives  the  resclts  which  at  high  and 
average/oean  homologous  temperatures  (0,6Tn„)  qualitatively  correspond 
to  test  data  for  stress-rupture  strength  aid  creep  [140].  This 
assertion  is  experimentally  cccfirmed  by  a series  of  tests  of 
aluminum  and  copper  alleys. 
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the  opposite  point  expressed  I.  P.  Guljayev  and  Ye.  B . Trusova 
[143]*  "the  nethod  of  picicrged  hardness  neither  it  is  qualitative 
nor  quantitatively  do  net  characterize  heat-resistant  alloys".  Main 
disadvantage  in  this  method  they  see  in  the  fact  that  with  pi  testing 
are  changed  both  parameters  frex  which  it  is  possible  to  judge  the 
heat  resistance  of  material,  and  defcrnat’icr  , and  stress.  To  this  is 
added  the  difference  in  initial  specific  piessure,  unavoidable  for 
the  alloys,  which  have  dissimilar  shcrt-tiie  hardness. 


)n  spite  of  the  deficiencies  indicated  and  the  abserae  of 
unified  opinion  about  the  advisability  of  testing  the  prolonged 
hardness,  is  continued  study  and  the  applicaticn/use  of  this  method 
in  netallographic  investigations  [62,  110,  138,  145,  146,  153-156  ]. 


Page  187. 

The  majority  of  researchers  consider  that  according  to  the  character 
of  a change  in  the  prolonged  hardness  it  is  possible  to  qualitatively 
estimate  the  heat  resistance  of  metals  and  alleys,  not  inclined  to 
aging  or  already  aged  [18,  62,  107,  138,  139,  146]. 


You  carried  out  the  measurements  cf  the  hicb-temperature 
prolonged  hardness  of  refractory  metals  - tungsten  and  molybdenum  of 
brands  V3N  and  MRN . Specimen/samples  were  prepared  from  forged  rods 
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and  t<;  heat  treatment  they  did  not  subject  tc. 

The  prolonged  hardness  of  the  werk-har dene d tungsten  and 
molybdenum  were  measured  at  temperatures  2C,  94C,  1310  and  1600°C  in 
the  installation  UVT.  Tests  were  conducted  in  the  medium  of  purified 
helium  by  the  method  of  the  static  indentation  cf  sapphire  indentor 
in  the  form  of  standard  pyramid.  Specimen/samp le  age/held  under  load 
during  10,  20,  30  s and  1,  2,  3,  5,  10,  30,  €0  sin.  The  temperature 
cf  sptfcimen/sample  measured  with  tlernccouple  1F5/20. 

The  primary  data  op  creep  during  tensile  test  under  Constant 
lead  piesent  curved  strain  - tine  (Fig.  145).  Kralogcusly  during  the 
tests  cf  the  prolonged  hardness  cf  primary  is  the  curve  of  the 
dependence  of  the  size/dimensicn  of  impression  cn  time  with  constant 
lead  — curve  of  indentation.  Tc  Figs.  146  and  147,  are  given  curved 
indentations  for  molybdenum  and  tungsten  at  different  temperatures. 

However,  for  the  graphic  representation  of  kinetics  of 
indentation,  more  is  frequently  utilized  curves  hardness  - time, 
since  to  each  size/dimensicn  of  impression  ccrresponds  the  specific 
hardness.  To  Figs.  116,  117  and  148,  149,  are  given  the  carves  of  the 
prclcuged  hardness  of  molybdenum  and  tungsten  with  holding  to  10  min 
and  tg  1 h respectively. 
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Pig.  145.  friaary  the  carves  of  creep  of  aclyfcaenua  [150]:  1 - 7.2 
*N/a2  (0.7  kg/aa2)  at  2250°C;  2 - 10.0  |*N/a2  (C.S8  kg/aa2)  at  2000°C 


Key:  (1).  Elongation,  o/o.  (a).  Tim,”'*'’ 
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Key:  (1).  Diagonal  of  iipressicn 


Fig.  147.  Curved  indentations  for  tungsten  at  different  temperatures 


Key:  |1).  Diagonal  of  ispressicn 


stox 

— 
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Fig.  148.  Prolonged  hardness  of  acljfcdenun. 

Key:  f 1) . H,  »N/m*  (kg/«n*).  (2).  sin. 

'*+ 

Outwardly  curves  of  prolonged  hardness  and  creep 
with  elongation  are  analogous,  tut  between  ties  there  is  an  essential 
difference,  since  the  curve  cf  creep  characterises  a change  in  the 
strain  with  tine,  but  the  curve  of  the  dependence  of  the 
si2e/dinension  of  impression  cc  ti«e  such  characteristic  is  not. 

According  to  academician  V.  D.  Kuzretscv's  works  [138],  the 
first  section  in  the  curve  cf  the  indertaticr  (see  Figs.  146  and  147) 
- the  region  of  the  transient  conditions  of  indentation  - it  does  not 
characterize  creep,  unlike  the  first  secticc  it  curve  of  creep  with 
the  elcngation  (see  Fig.  145).  The  first  section  of  the  curve  of 
indentation  corresponds  tc  the  stress,  which  considerably  exceeds 
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yield  point;  in  tine  of  the  first  period  of  indentation  occurs  tbe 
peering  cf  metal. 

In  the  second  period  cf  indentation,  tie  diagonal  of  impression 
is  changed  with  constant  velocity  - steady-state  conditions/mode  of 
indentation.  An  increase  iq  the  strain  begins  because  of  creep,  since 
it  occurs  during  long  tine  under  tbe  effect  cf  constant  load. 

As  is  evident  on  Figs.  146-14S,  tbe  first  period  of  indentation 
for  mglybdenun  ana  tungsten  is  finished  after  5-10  min  of  loading, 
moreover  nest  sharply  prolonged  hardness  is  changed  during  first 
20-30  s (see  Figs.  116,  117). 


According  to  V.  D.  Kuznetsov  [1383,  in  the  first  period  of 
indentation  occurs  the  shearing  strair,  and  second  - diffusion  creep 
of  metal. 

Tbe  third  period  of  the  indentation,  during  which  the  velocity 
grow/rises  in  the  course  cf  tiae,  is  observed  very  rarely.  V.  P. 
Shishckin  [148]  he  reveal/detected  its  or  testing  of  tellurium  and 
its  alleys  with  bismuth  with  220°C. 
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Fig.  1*9.  Prolonged  hardness  of  tungsten. 


Key:  p).  H,  MN/#*  (kg/nn*).  (2).  «in. 
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fig.  150.  Graphs  of  the  prolonged  hardness  cf  iclybdenun  in 
Ipgarithnic  coordinates. 

Key:  fl).  H,  *N/a*  (kg/u*)„  (2).r,s. 

Fig.  151.  Graphs  of  prolonged  lard  ness  cf  tcngsten  in  logarithaic 
coordinates. 

Key:  11).  H,  H»N/n*  (kg/ia*)  . (2).r,s. 
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Fig-  152.  The  strees-rupture  strength  of  aclybdcnua  [150  3- 

Key:  £1).  Stress-  MN/b<*0.6S  (kg/a a2 «0„ C7)  - (2).  Ti.sc  to  failure, 

■ in. 

Page  191. 

In  works  [141-  145-  149]  is  investigated  prolonged  hardness  with 
holding  to  96  h.  Is  shown-  that  the  dependence  between  diaaeter  d (or 
diagonal  b)  of  inpressicn  cr  tie  hardness  ruaber  H and  the  duration 
cf  lead  r is  deterained  by  the  foriulas: 

bmma' t*  and  //— «t«  (4.17) 

where  a'-  a-  a and  n - constants-  that  depend  on  nature  aaterial- 

aoreover  n*-2n.  Coefficient  n is  called  high-s peed/velocity  index  of 

hardness . 


» 


BQC  * 78133007 


PAGE  -W"' 


l n the  logarithaic  coordinates  log  b-lcg  r and  log  H-log  r 
dependences  b-r  and  H-t  the;  aust  he  deviated  as  straight  lines. 
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Pig.  153.  Prolonged  strength  of  tnagsten  [150]. 

Key:  11).  Stress,  Hif/a*«6.£7  (kg/ni*«0.7)  * 


Table  23.  High-speed/velocity  bardress  cualet  cf  tungsten  and 


lolybdenua. 


<_0 

- ‘ 

•c 

TC 

Hnew  i ph 

'mUSOxU  MW 

20 

0,0296 

0,0245 

040 

0,0621 

0,0614 

1310 

0,0627 

0,0830 

1600 

'0,0010 

Key:  11).  Tenperature,  ®C.  (2).  tungsten  VEK.  (3).  nclybdenua  HRM 

Page  192. 


As  it  fellows  fron  Figs.  150  and  151 t the  values  of  the 


I 
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prolonged  hardness  of  aclyfccenua  and  tungsten  lie  dovn  veil  on 
straight  lines  and,  therefore,  are  subordinated  to  the  equations  of 
V.  P.  Shishokin;  therefore  for  cbtainirg  of  the  characteristics  of 
the  prolonged  hardness  cf  aclybdenea  and  tungsten  the  sufficiently 
three  hot  tests  of  hardness  uith  a tenfold  increase  in  the  duration 
cf  loading  during  each  subsequent  testing  |3C  s,  5 and  50  ain)  - 


The  values  of  high-speed/velocity  hardness  nuaber  n for 

I 

nclybdenua  and  tungsten  at  different  teaperaturcs  are  calculated 
according  to  the  aethod  cf  least  squares  arc  are  given  in  Table  23. 


lor  a coaparison  tc  Figs.  152  and  153*  given  data  on  the 
stress-rupture  strength  cf  aolybdenua  and  tungsten  at  high 
temperatures  [150].  Graphs  are  constructed  in  the  logarithaic 
coordinates  log  a - log  t. 


